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10 NATURE 


| 3 STEM 

: The strong stem of the plant 
supports its leaves in the sunlight. 
It also contains bundles of tubes or 

~ veins. These allow water containing 


dissolved nutrients to flow up from 
+, ee . ; the roots to the leaves, and also 
SO eee. eee ; : carry sugary food from the leaves 
DeIps SUPT ae to other parts of the plant. 
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GERMINATION 


A bean plant begins life as a seed with 
two halves, called cotyledons. In spring 
when the weather is mild, the seed starts 
to absorb water through a minute hole in 
its outer coating (the testa). The seed 
swells and about three days later a root 
grows to hold the plant in place, anda 
shoot appears above the ground. This 
process is called germination. 


ROOTS 

The plant’s roots absorb water from the soil. The 
water is used by the leaves to make food. The water 
also contains dissolved mineral salts, such as nitrates 
and phosphates, which are essential for growth. 


LEAVES 


The leaves are the plant's food factories. They 
act like solar panels, as the green chlorophyll 
enables the plant to absorb the energy of 
sunlight and use it for photosynthesis—the 


process in which the plant takes 
carbon dioxide from the air 
and combines it with water 
drawn up by the roots to 
make sugar. Oxygen is also 
produced in the process and 
released into the air. 
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TRANSPIRATION 


As sunlight warms a plant, water 
in the leaves is lost as water vapor, 
through pores called stomata. The 
leaves then take in water from the stem, 
which in turn draws more water up into 
the plant from the roots. The water 
carries nutrients from the soil with it. 
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TREES 


Trees are the tallest, heaviest, and oldest 
of all living things. The California giant 
sequoia known as General Sherman weighs 
approximately 6,000 tons—30 times as 
much as the biggest animal, the blue 
whale. The oldest living bristlecone 
pine tree, which also grows in 
California, is nearly 5,000 years 

old. Yet even these ancient 

giants can still produce tiny 

seeds that grow into new trees. 


LEAVES 


Like all green plants, 
trees absorb sunlight 
through their leaves and 
use its energy to turn air 
and water into sugar. 

A tree's leaves are its 
food factories. 


Robina has 
a pinnate 
compound leaf 


COMPOUND 
LEAVES 


Most trees have 
simple leaves of 
various shapes, but 
some have compound 
leaves made up of 
many leaflets. These 
either sprout from a 
long stalk (pinnate) or 
fan out from a single 
point (palmate). 


* FRUIT 
The flowers of ® 
some trees turn ba S 
into juicy fruits that 
contain seeds. If birds eat Sys 
the fruit, the seeds pass 
through them unharmed 
and are scattered far away. 


se ESTE Nw” ie zt Apples are big, 


fleshy fruits 


berries 


TREE RINGS 


Every year a tree adds a layer 
of new wood to its trunk. If 
the tree is cut down, each 
year’s growth shows as 

a visible ring, so the 

number of rings 

gives its age. 
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FLOWERS 


Many plants produce beautiful flowers, 
often vividly colored and fragrant. 
These intricate structures form the 
reproductive parts of plants, and they 
have evolved so that they attract insects 
and birds to sip the sugary nectar at the 
flower’s center. While feeding, the insect or 
bird is dusted with pollen, which is produced 
by the stamens and contain the male sex cells. 
The pollen is deposited on the sticky stigma 
of another flower. This is pollination. A pollen 
tube then grows down the style to the ovary and 
fertilizes an ovule. This is fertilization. Some plants, 
such as grasses and many types of tree, rely on the 
wind to carry their pollen, and their flowers do not , 
need showy petals or fragrant nectar to attract animals. ; vis made 
Since this is a less efficient system, they must produce far up of an anther 
: ; : and a fila : 
more pollen, which can fill the air and cause hay fever. met 2 


Bright reds and pinks are 
more attractive to birds 
than insects, because not 


FLOWER STRUCTURE all insects can see 


the color red 
A typical flower develops inside a bud 

at the end of a stalk. When the bud opens, it 

reveals a ring of petals, each of which secretes 

nectar from its base. At the center of the flower 

lie the male structures that produce pollen. 

These surround the female structures that hold 

the ovules, or egg cells. An outer ring of green 

sepals may protect the flower when it is in bud. 
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TRANSFERRING POLLEN 


Insects such as butterflies often drink 
nectar from one type of flower. Hummingbirds 
do the same, because their bills are the right 
shape to reach the nectar. The bird and the 

insect get dusted with pollen in the process, 
and carry it directly to another flower of 
the same type. 


~ Sticky stigma 
_ traps pollen 
“carried to flower 
by insects 
and birds 
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Petals unfurl when 
the flower opens, 
but fall away once 
it is fertilized 


FERTILIZATION 


If ahummingbird sips nectar from this lily, it will 
pick up pollen on its breast feathers. If the bird visits 
another lily, the sticky central stigma may pick up the 
pollen. Each pollen grain then sprouts a long tube 
that grows down through the carpel to reach an 
ovule. The male cell moves down the tube to fertilize 
the ovule so it can develop into a seed. 
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Tough skin 
encloses soft 
2) flesh 


All plants produce fruits that contain their seeds. Some fruits are dry husks, Kn 
as 


_oe 


but others are juicy and tasty. These attract animals, which eat them and carry 
the seeds in their stomachs. The tough-skinned seeds are not digested, but 
are scattered far away from the parent plant in the animals’ droppings, and 
grow into new plants. The fruits shown here are cultivated types that have 
been specially bred for their size and flavor. 


S 
<4 

ORANGE ¢ 

An orange has very soft, juicy flesh 
contained in many segments, which are 
enclosed by a hard rind. Each segment 
usually contains a seed. An orange 
is technically a type of berry, which 
develops over the winter from the 
single ovary of an orange flower. 
Green at first, it turns orange as it 
swells to full size. 


BANANA 


The bananas that are cultivated in the 
tropics have been bred to be seedless, but 
the wild bananas of Southeast Asia have 
small fruits containing many big, hard 
seeds. They growin bunches onlarge 
plants with huge leaves that sprout 
straight from the ground. 


3 _ NUTS 
_ Allnuts are large seeds, which 
__ the plant has equipped with a 

store of concentrated plant food. 
This ensures that the seedlings 
get a good start in life. The nut 
__ is surrounded by a hard shell, | 
which is technically afruit,but 
tough and fibrous rather than 
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gore d'anates 
coconut 


Rambutar® 


Fruit forms 
pod, protecting 
big seeds 


nod” 

PEACH 7 TOMATO 8 FAVA BEAN 

The juicy flesh of a peach, Not all fruits are edible. The edible part of a 
plum, or cherry encloses a hard Some of the wild relatives fava bean plant is its seeds, 
pit that contains a single seed. of tomatoes are extremely and its fruit is the entire 
This type of fruit is called a drupe. poisonous. They include pod. The wild ancestors of 
The fleshy part is meant to be deadly nightshade, which such beans do not attract 
eaten, so animals spread the is tethal to humans, although animals. Instead, their pods 
seeds, but some animals such some animals can eat the dry up and split open with 
as parrots can crack the pits berries without coming to explosive force, so the seeds 
and eat the seeds, too. harm. Tomatoes are also shoot out and are scattered 


related to chile peppers. on the ground. 
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FUNGI 


The mushrooms and other fungi that can appear overnight 
in damp places are not plants. They belong to a completely 
separate group of living thing that feeds on dead or living 
plants and animals. Each fungus forms a hidden network 
of slender stems called a mycelium, and the visible part is 
just the “fruiting body” that sprouts like an apple on a tree 
to spread the spores 

that grow into 
new fungi. 


yu YING 


2) DEATH CAP 3 TURKEYTAIL 
—- Bone ere are Fungi are vital to life 

m7 because they break down and 
recycle dead organisms. The 


rotting it down so the nutrients 
it contains can be used by 
nus poisoning. growing plants. 


a 
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turkeytail grows on dead wood, 
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OAK BOLETE 


A typical mushroom has 
radiating gills beneath its 
cap that produce millions of 
spores. Other fungi, like the 
oak bolete, have spongy 
undersides that release spores 
from tiny holes or are covered 
with spore-producing tufts. 
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SAFFRON MILK CAP — 
Many fungi grow around 
the roots of certain plants 
and provide them with plant 
foods in exchange for sugars. 
Saffron milk cap, for example, 
always grows with pine trees. 
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5 PARASOL MUSHROOM 


Some fungi, like the penny bun and parasol $ 
mushroom, are good to eat. But if you are not s 
an expert at identifying them, you could be oe 
poisoned by a killer like the death cap. & $ 
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Mealy funnel 


penny bun 


The ring is part of the 


- brittlegill 


veil that covered 
the cap of the 
young mushroom 


cap contain chitin, 
which also forms 
the wings of insects 


Green 
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FLY AGARIC 


The fly agaric is one of the 
best-known “toadstools”—a 
word often used for inedible or 
poisonous fungi. The white 
scales on its red cap are the 
remains of a thin veil that 
covered the growing fungus. 


PENNY BUN 

The rootlike fibers attached to 
the stem are just a tiny part of the 
penny bun’s mycelium. This can 
cover huge areas. The mycelium 
of a single honey fungus 
can extend 1.6 million sq ft 
(150,000 sq m). 


STUMP PUFFBALL 


Puffballs are named for 
the way the ripe fungi puff 
clouds of dustlike spores when 
they are kicked or hit by rain. 
Just one giant puffball can 
contain an amazing 7 trillion 
(7,000,000,000,000) spores. 
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The sunlit surface waters of many oceans teem with life, =~ This cyanobacterium isa 
most of it microscopic, that drifts with the currents. The 7 Se ou sf cells a 
_ whole drifting community is called the plankton. Itismade “> ¢ = ME Bo mnie 


and dissolved gas oe a 


up of plantlike phytoplankton, which use the energy of v; L \y 
- sunlight to make food from carbon dioxide and water, and a L 
* _ zooplankton—animals that feed on both the phytoplankton ¥ 
_~ and each other. This image shows the plankton in a splash ‘2> 
, Of seawater, magnified more than 25 times. » : - oF. 
a! ~ . a j a 
5 ‘ fp i , 7 rat - 
, > StS 
he SS Se -s,. ae, F 
a ot 
Se = 
Fa —* 
ag Pe < CYANOBACTERIA 
% mf Once known as “blue-green 
a : 
( if NS, Oe ~7 algae,’ these simple organisms 
( o9 “ * were among the first forms of 
> 2s lif 
—~ — iy ife to appear on Earth, more 
ss «a © _ than 3.5 billion years ago. 
i _They still flourish in the » 
Rs ea The glassy shell of oceans where, like diatoms, 
4 ax ROMS this diatom reveals e they turn carbon dioxide 


.the green structures 


that ise solar gnitoy and water into sugary . 


The phytoplankton consist 


of microscopic organisms | i to make food eA aE carbohydrates. 
such as diatoms and wa ZF: ; » 
. Cyanobacteria. Diatoms have } or of: *~ > 


shells of glassy silica that fit together 


F + 
like tinyooxes with lids, and they exist f ‘ 
©» inva dazzling variety of forms. They thrive in e 3 ; | 
- dl seas, ). bale they turn the water gray- ~ " Pm Sat ' 
for so ften multiply into vast cloudy aaes ee 
De ag bs ‘that are visible from space.\_ a Mage. °F = . 
f , eae \ e/ 
co” : 
< CRAB LARVA i fe he 
Among the members of the zooplankton \ #2 


are the eggs and young of animals that 
have very different shapes and lives ~ we i 
when adult. They include the eggs of . : a Gey 
reef corals and infant fish, mollusks, and _ : 
crustaceans like this crab larva. Drifting . 
in the plankton provides them with food’ 
and helps them disperse through the: 
oceans t to find new Mees to live. 


| . . . i 
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PLANKTON 


} a This delicate ae. 


oe 
» “The plankton is full of * ‘bes Rae 
} drifting fish eggs that na al that lives Inia 
ae will hatch into tiny ubble of soft mucus 
) planktonic larvae 
y 
Arrow worms are armed —# 
with strong grasping 
> COPEPODS ~ spines,,which they use ,« 


to seize copepods ~~ 
Many animals 


spend their entire 
~ lives as members of the # . 
zooplankton. They include —~* 4 3 
the tiny shrimplike copepods, * ; la ar “6 Bs 
which form dense swarms ©. *y -_ 
in many seas, providing food ; age ea 
for schools of fish and giant ees - t 
filter-feeding whales. . 


Planktonic copepods ~. 
have long antennaé that ~ 
act like parachutes to 
a them from sinking 


. 


ra 


< ARROW WORMS 


These long, almost 

” transparent animals prey 
@ _on the other creatures of 
~ the zooplankton, including... ° 
copepods. They are named 
for the way that they shoot — 
forward through the water 
to catch their victims. 


* 


fj This bristly creature is the 
larva of a marine worm. As 
an adult, it will live on the 
bottom of the sea 

oan ie « 
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INSECTS 


Insects are the most successful creatures 
on Earth. Beetles alone account for almost 
a third of all known animal species. Many 
insects are tiny, but others are big enough 
for us to see the amazing intricacy of 
their structure. Some may bite or 
sting, and a few are real pests, but 
most are harmless, fascinating, 
and beautiful. 
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BUTTERFLIES ae 


Butterflies start life as leaf- 
munching caterpillars, then 
form protective cases and 
become pupae, before turning 

+ into colorful winged beauties that sip 
We nectar from flowers. Lo 


Cabbag 
white 
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Housefly 
a ie 

ee 
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\e 
Mb; 
Fi - : Pink barred 


SS rh sallow moth 


4 SX 
Oleandet we 


i Tortoiseshell 
caterpillar 
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Green BNO 
crescent 
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MOTHS 


Moths are basically the same as 
butterflies, but most moths fly by 
night on whirring wings. Many are 
dull brown for camouflage, but a 
few are brightly patterned. 


Cranefly \ 


FLIES a 


True flies have just two wings 
for flying, rather than four like 
other adult insects. Some are 
biting bloodsuckers, and a few 
can spread diseases, but others 
like hoverflies are harmless. 
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Norwegian wasps 


Bumble / 
WASPS AND BEES bee 
Although notorious for their stings, 
most wasps and bees are no 
trouble. Wasps hunt insects 
to feed their young, while bees 
visit flowers to gather nectar. 


American 
cockroach 


ANTS 
All ants form huge colonies ruled 

over by a single “queen ant” that lays 
all the eggs. The “worker ants” build 
the nest, defend it, and gather food. 


Giant Indian sticg ing 
% 
oo 
* 
Chafer 
beetle 


Giant walking stick insect 
ys *. 


Male 
stag © 
k beetles 


_ 


Leaf 


BEETLES insect 


Most beetles can be <q 
recognized by the hard, 
shiny wing-cases that hide 
their delicate wings. Some 
have long horns or jaws, 
especially the males, which 
use them for fighting. 


Meal worms 


spotted 
longhorn 
beetle 


Frog beetle 
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INSECT ANATOMY 18% 


Many insects start life as soft-skinned grubs, or larvae, but 
eventually they all turn into adults with hard, segmented 
bodies and six jointed legs. Their skin is toughened with 

a substance called chitin, which is a bit like hard plastic, so 
it acts as an external skeleton. It is often shiny and brightly 


Like many other insects, an adult 
wasp has two large compound eyes. 
Each has hundreds of tiny lenses 
that see the world as a mosaic of 
colored dots. A wasp also has three 
small simple eyes, which are called 
ocelli, on the top of its head. 


colored, but it can look furry or scaly. Most adult insects 
like this wasp also have wings made from sheets of chitin, 


powered by muscles inside their bodies. 


ANTENNAE 


An insect’s long antennae help 
it feel its way, but they are mainly 
used to detect scent. They are 
covered with sensitive nerve 
endings that pick up chemical 


signals. The antennae of some sensitive bristles 
moths can detect scents from on the insect’s 

body detect 
vibrations and 
air movements 


more than half a mile (1 km) away. 


Long, jointed 
antennae are vital 
sense organs ) 


The antenna of a 


Compound eyes give the wasp 
good vision, and are also very 


Each of the three simple eyes 
has just one lens that can sense 
light but cannot form an image 


Mandibles, or mouth 
parts, are used to slice 
vegetation or prey 


female wasp has 12 
segments, while the 


sensitive to movement 


male antenna has 13 


The sensory antennae of this 
wasp enable it to recognize food 
and other members of its colony 


3 HEAD 
- Aninsect's head contains its brain and 
carries most of its sense organs. It is also 
equipped with mouthparts that are specialized 
to deal with its diet. A mosquito has a sharp 
needle for sucking blood, while this wasp 
has stout jaws for chewing other insects. 
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WINGS 
The thin, flexible membranes that The wings of an insect like 
form the wings are supported by this wasp are thin, transparent 
stiff ribs, called veins _——_— ne s 
oe a plates of chitin. Butterfly and 


aie wal . moth wings are similar, but 


covered with colored scales. 
Most insects have two pairs of 
wings for flight, but flies have 
just one pair. 

Delicate wings are 


strong enough to lift 
the weight of the wasp 


Slender waist linking thorax and 
, abdomen allows wasp to curl body 


—— 6 STING 
4 Dramatic black and Most insects are 
yellow markings warn harmless, but some may 
predators that the bite or sting. This wasp 


"alana aatalacee has a sting in its tail that 


can inject a painful 
venom. It uses it to 
defend itself and its nest, 
and to kill insect prey. 


The wasp's sting is a 
modified egg-laying 
organ, or ovipositor 


Each foot has 
sharp claws, and 
some insects, such 
” as flies, also have 
sticky foot pads 


ABDOMEN 


ABDOMEN 8 LEGS 

The flexible abdomen contains most All adult insects have six legs. When they 
of an insect’s internal organs, including walk, they lift three legs while keeping the 
its digestive system. Tiny holes lead to a other three on the ground—like a tripod— 
system of tubes that supply air to its organs so they have no problem with balance. Each 
and muscles. The vivid stripes of this wasp leg is a series of stiff tubes, hinged together 


warn other animals that it can sting. and powered by muscles inside the tubes. 
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FISH 


Fish were the first animals with backbones to appear on Earth, about 500 
million years ago. They have since evolved into a wonderful variety of forms. 
From powerful sharks to delicate seahorses, fish now make up more than 
half of all vertebrate species. Most fish live in the salty oceans, like those 
shown below, but many— including the fish on the opposite page—live in 
freshwater lakes and rivers. A few, such as salmon, are able to live in both. 


RAY =e a 


) BOXFISH PUFFERFISH 
Closely related to sharks, The curious boxfish are Pufferfish defend themselves 
with skeletons made of oF =| named for their boxlike by inflating their bodies with 


water or air so they are hard for 
predators to swallow. Some species 
have sharp spines that add to the 


defensive armor, formed 
from thick, fused scales. This 
prevents all body movement, 


cartilage, r rays re flattened fish 
_ that swim by ing their lateral 
__ (side) fins like wings. They live 


} on. the seabed, hun : a anlch ‘ so the fish swim by using effect, and many of their internal 
fish and shellfish. a their small fins like oars. organs contain lethal poisons. 
i al 
} } 
pe 4 ; #4) 


: A ray’s nostrils 
"e and mouth are 
on its underside. 
Eyes sit on top of 
the head 


Its flat shape and excellent 
camouflage make this ray 
hard to spot on the seabed 


"7 


5 Prickly pufferfish 
Black “eyespot” on are also called 


. . . i i y. ri J bl 
fin distracts enemies percaeineten ~ Sey 


from the fish's head soe eee ftay a ® 


Jfe °° 
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A SEAHORSE 
These strange fish owe 
their name to their horselike 
heads. They live in shallow 


Boxfish eat 
tiny animals 


seas, where they cling to marine 
plants with their tails. The male 
“incubates” the female's eggs 
in a pouch on his belly. 


Clinging to weed 


4) with its tail helps 


‘ a seahorse resist 
N; strong currents f r 
y 
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SALMON 7 CARP 


Big, powerful salmon spend most Able to live in water that has very 
of their lives at sea, but swim upstream little oxygen, carp are well equipped 
to the shallow rivers with gravelly for life in warm, still lakes and ponds. 
bottoms where they breed. They have They feed by using their extendible 
adaptations that allow them to move jaws to root around on the bottom 
between fresh- and saltwater for small animals and aquatic plants. 


STICKLEBACK 


This fish gets its name from 
the sharp spines on its back. It 
lives in ponds, rivers, and lakes, 
and some shallow seas. In spring, 
the male makes a nest of plant 
fiber, and does a dance to attract 
females to lay their eggs. 


Three sharp spines help 
to defend the stickleback 
from bigger predatory fish 


Tough, shiny scales help 
protect the carp’s skin from 
injury and attack by parasites . 


The colors of this cichlid 
are variable, changing as 


, Long, pointed jaws the fish grows older 
<i have big, sharp An acute sense of smell } 
Per teeth to give the enables the piranha to 


pike a good grip detect the slightest trace 
on slippery prey of blood in the water 


This powerful hunter lives in 
lakes and slow-flowing rivers 
throughout Europe, northern 
Asia, and North America. Pike 
hunt fish and waterbirds by lying 
in wait among aquatic plants and 
darting out to seize victims. 
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FEEDING 


All animals get the nutrients they 
need by eating plants, animals, or 
other organisms such as bacteria 

or fungi. Some of these foods are 


easy to find but hard to digest, like 
leaves and grass. Others, such as 
animal prey, can be difficult to find 
or catch, but are easy to digest and 
rich in food value. Animals have 


developed a variety of adaptations 
for gathering and digesting their 
food. Some of these are much 


more specialized than others, 
and govern the animal’s 


whole way of life. 


BASKING 
SHARK 


The enormous basking 
shark has tiny teeth. It 
feeds by swimming 
through swarms of tiny 
drifting organisms with 
its mouth gaping open, 
and trapping them in 
its sievelike gills. Many 
whales filter feed in 

a similar way, as do 
some birds, such 

as flamingos. 


Sucker surrounds 
the mouth and 
sharp teeth 


GIRAFFE 

A giraffe’s 
extralong neck allows 
it to eat leaves that 
other animals cannot 
reach. Like many 
leaf-eaters and 
grass-eaters, giraffes 
have bacteria in their 
digestive system that 
break down the 
tough plant fiber to 
release vital nutrients. 


Gills in long 
slots at the 
back of 

the shark’s 
mouth trap 
floating food 


Parrots often use their feet to grip nuts 
while they crack into them with their bills 


PARROT 


Birds need 
concentrated food 
that does not weigh 
them down, so most 
birds feed on insects, 
meat, fruit, or seeds. 
Many parrots eat nuts, 
cracking the strong 
shells with their 
powerful hooked bills, 
but some have brush- 
tipped tongues to lap 
up sugary flower nectar. 
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~~ 


LION 


Catching large 
live animals can 
be difficult and 
dangerous. A lion 
relies on its strength 
and long, sharp 
canine teeth to kill 
its prey. It slices the 
meat into mouthfuls 
with scissorlike cheek 
teeth, but swallows 
it without chewing 
because meat is 
easy to digest. 


5 GIANT 


ANTEATER 


Many animals eat 
insects, but few are 
so specialized for 

the job as the giant 
anteater. It has a 
long, sticky, wormlike 
tongue that it flicks 
in and out of its long 
snout up to 150 
times a minute to 
scoop its tiny prey 
from their nest. 


EGYPTIAN 
VULTURE 


Many creatures 

are scavengers 

that feed on carrion 
(dead flesh) and 
other scraps. They 
include the Egyptian 
vulture, which clears 
up remains that 
would otherwise 
simply rot. Without 
scavengers, the 
world would be a 
lot less healthy. 


A housefly can contaminate 
food by walking on it 


HOUSEFLY 


Many insects, 
including all flies, 
can eat only liquid 
food. Some suck 
blood, or gather 
nectar or plant 
juices. The housefly 
can also liquefy 
some solid foods 
such as sugar by 
drenching them with 
saliva and soaking 
up the result with its 
moplike mouthparts. 


TAPEWORM 


This parasite lives 
in the intestines of 
another animal— 
including some people. 
Since it is surrounded 
by predigested food 
it does not need a 
digestive system of 
its own, or evena 
mouth, and it just 
soaks up nutrients 
through its thin skin. 


BROWN BEAR 


Although basically 
a meat-eater, the brown 
bear devours many 
foods, ranging from 
meat and fish to fruit 
and honey. This means 
that it is not specialized 
for any particular way 
of feeding, and can 
change its food with the 
seasons. Humans have 
the same “omnivorous” 
(eat-all) diet. 
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CRUSTACEANS — eee 
This varied group of invertebrates includes more than meee §=Ocean and North 5ea | 
40,000 species. Crustaceans take their name from the 

hard, jointed shells, or exoskeletons, that support 

and protect their bodies. Most crustaceans live in 

the sea, or in freshwater lakes and rivers. Only woodlice 

live on land. Crustaceans have at least four pairs of jointed 

legs, gills for breathing under water, and sensory antennae 

that they use to feel and smell the things around them. 


Hard, armor plates 
protect barnacle’s 
body 


Heavy pincers 
can crack open 
mollusk shells 


Legs catch 


food as it 
<a floats by 
Eyes are on Mouthparts . 3a 
the end of manipulate and Barnacle cements 
short stalks chew food : ® itself head first to 
- » a hard surface 
BARNACLE ‘ 


Young barnacles drift in the water like 
shrimp, but when they become adults 
they cement themselves to rocks, piers, 
and even other crustaceans. They feed by 
extending feathery legs from their shells 


to catch tiny floating creatures. reenact 


legs are used 
for walking 


Tough shield, ie 
or carapace, covers ~)] . . a = 
crab's head and thorax ? : 


| Abdomen is tucked 
away beneath the 
~ crab’s body a 


Langoustine can 
& grow up to 6in 
(15 cm) in length 3 
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LOBSTER 5 WOODLOUSE 6 SHRIMP 

Weighed down Woodlice are the Many shrimp swim 
by their heavy shells, only crustaceans that are or drift in the water, but 
lobsters usually walk on completely at home on land, others spend most of their 
the seafloor, but they can but they must live in damp lives searching for food 
swim backward to escape places. They have seven pairs on the seabed. Some 
danger by flipping their of legs and some species can specialize in picking 
tails. Like all crustaceans . roll themselves into a ball if bloodsucking parasites 
they have to molt (shed they feel threatened. Despite off the fish that live on 
their hard exoskeletons their name, they do not coral reefs, which line 
several times as they grow damage wood. up to be cleaned. 


Toothed 
crusher claw 


ee pulverizes shells 
Claws used for 
gripping and : Claw curved at 
shredding food end to aid grip 
pee curved plates 
* protect soft parts of 
Se. the woodlouse's body 
Lobster can regrow claws ee ae ea 
and legs if they break off e Female woodlouse keeps fertilized 5 pe a = 
eggs in a pouch on the underside 2 aa 
S g antennae 
e of her body until they hatch — gp Sauda bride 
ad surroundings 
- ; 
a 
4 2 Shrimp use their two 
9 ee large eyes to detect 


movements in water 
Shorter antennae detect 
odours in the water to 
help the lobster find 
food or a mate 


Hard carapace 
covers head 


and thorax , 


; 6 
Strong tail , 
used for Be Fan-shaped tail 
swimming used for swimming Transparent 
exoskeleton 


Zi ‘Four pairs of 
’ walking legs 


AMPHIBIANS y 


Although amphibians look a little like scaly 
reptiles, they do not have waterproof skin, so 
cannot live in hot, dry places where they might 
dry out. Most hide away by day, and emerge only 
at night. They must also lay their eggs in ponds 
and other wet places, and many spend their 
early lives as aquatic tadpoles. 


a 


Frog's thin, 
moist skin can 
absorb oxygen 
directly from the air 


MIDWIFE TOAD 


Most frogs and toads lay 
their eggs in water, but the 
male midwife toad wraps 
the strings of eggs around 
his legs and looks after them 
until they are ready to hatch. 


Tinker vine frog 


Mandarin 
salamander 


3 MANDARIN 
SALAMANDER 


Salamanders and newts are 

a bit like frogs with long tails. 
Some, like the Asian mandarin 
salamander, have vividly 
colored skin that warns 
enemies that they are 


Midwife 
» toad 


~ Colorful lumps and 
bumps ooze toxic 
fluids for protection 
from predators 


poisonous to eat. eo 
Big eyes help d 
poison dart Madagascan 
frogs see well in tomato frogs @ 
Poison dart frog the dark forest 


POISON DART FROG 

Tiny tree frogs of American 
tropical forests are protected 
by powerful poisons on their 
skin. Some are so deadly that 
local people use them to make 
poison darts. 


6 TOMATO FROG 
Many frogs and toads, like 
these tomato frogs, defend 
themselves by inflating their 
bodies with air so that they 
are harder to eat. 
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TADPOLES 


Nearly all frogs start 
life in the water as tadpoles 
with long tails and no legs. 
Gradually they grow legs, hop 
out of the water, and their 
tails shrivel away. 


Froglet Froglet Frogs cannot chew, Red-eved 
losing tail 2 , with tail but they have huge : no frog 
mouths so that they - 
ae can swallow their 
. Tadpoles prey whole __& _ 
Common frogs are rl | African 

able to lighten or . Ur, | bullfrog 
darken their skins — “Omp, “be 


to blend in with 
their surroundings __— 


asian painted frog 


Foam- : @ 


nesting frog 


Caecilian 


\ Covered by tough 
skin, a caecilian’s eyes 
cannot form clear 
images but they can 
detect light 


; : Chilean 
; four-eyed 
> 
ot frog 


— a 


| Bright yellow spots 
warn off enemies, even at night 


an . 
10) FOUR-EYED FROG 11 12 FIRE 
_ A four-eyed frog has a SALAMANDER 
i pair of big eyespots on its Bright patterns warn 
back. If attacked, it turns predators that this 
its back and infiates its salamander can spray 
body so that it looks like — a blinding poison up to 
_ afierce animal. 13 ft (4 m) through the air. 


NATURE 


D DEFENSE 


n other animals. Catching and 
r time hunters have evolved — 
This has made survival 


any have evolved 
erous, tO catch. Ci 


ATTACK AN 


that prey ° 
hard, so Ove 
e the job easier. 
t, som 
dang 


Many animals are hunters 
killing fast-moving prey '§ 
features and tactics to mak 


harder for the animals that they hun 
defenses that make them difficult, or even 


> DRIFTING TRAP 
The long tentacles of the box 
jellyfish are armed with thousands of 
tiny stinging cells. The animal simply 
drifts with the currents and devours 
any creature that is unlucky enough 
me into contact with its tentacles. 


<4 NIGHT HUNTER 

Insect-eating bats target their prey 

using pulses of high-pitched sound. 

The sounds bounce off the victim, creating 
a sound image that enables a bat to hunt 
flying insects in total darkness. 


to co 


< VENOM 
AND CLAWS 
Many animals have 
venomous bites or stings 
that they can use to kill 
their prey and to defend 
A. themselves. A scorpion 
normally uses its claws 
to hunt and the sting on the 
Be, y TEAMWORK gY endof its tail for iene 
. Lions are equipped ° 
> with daggerlike teeth 
— and long claws, but 
a ® their main weapon {| 
hi is teamwork. They 
* q encircle their prey ow 


there is no escape. ¥ 


co), << AMBUSH 
The praying mantis lurks 
motionless on a plant, waiting 
for another insect to come within range. 
Then it shoots out its spiny front limbs 
to catch its victim and eats it alive. : 4 ite. 


Pg 


“ 
>» 
mh 
., 


> CONSTRICTOR 
A python coils around its prey, squeezing 
a little tighter every time the victim 

breathes out, until eventually it cannot 
breathe at all. A snake's lower jaws are 
loosely linked to its skull, so it can 
swallow its prey whole. 


= 
7 


> POISON GLANDS { 
if attacked by a hunter, a toad 
defends itself by inflating 
its body with air and 
oozing poisons from its . 
skin. This makes it hard 
to eat and also makes 

it taste unpleasant, 

50 its enemy is likely 

to leave it alone. 


Vv SPINES 
Some animals have defensive armor. 
Others, like this porcupine, bristle 
with long, sharp spines. This can make 
them almost impossible to attack, and 
even dangerous to animals that try. 


i ATTACK AND DEFEN = 
2 a7i te Pe 


Vv CAMOUFLAGE 

The best defense is to avoid 
being noticed at all. Camouflage 
makes animals hard to see 
against their background. This 
mountain hare turns white in 
winter to match the snow. 


> PLAYING DEAD 


Many hunters will only eat prey that they 
have killed themselves. Some animals like 


> NOXIOUS SMELL 
Skunks are notorious for the 
vile-smelling fluid that they 
spray from scent glands 
under their tails if 
attacked. They can 
aim accurately for 
up to 7 ft (2m), 
often targeting 
the faces of 
their enemies. 


this opossum take 
advantage of this by 
“olaying dead” if 
threatened. An 
opossum may 
keep up the 
pretence for 
six hours! 


> SAFETY IN NUMBERS 

Solitary animals make easy targets, so many 
try to confuse their enemies by living in 
dense schools, flocks, or herds. By staying 
close together, this 
school looks like one 
big fish rather 


than lots of } 
little ones. > — - 
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Squid’s head 


: ; end has eight ges Squid can 
1) = Eye at tp Cy \ arms and two 4 4 swim faster 
snail's tentacle homtacles heen bal 
invertebrate 


‘MOLLUSKS 


| 

| 

4 Snails, clams, mussels, and even octopuses 

are all mollusks—soft-bodied animals that 

3 often have strong chalky shells. Some live 

| on land, but most mollusks live under water or on 

| Whelks | tidal seashores. A snail or octopus can move about 

| the | and use its sense organs to find food, but many aquatic 

shells | mollusks, such as mussels, spend their adult lives in 

! as one place. They do not have obvious sense organs or / $ 
Aenea even heads, and their bodies are encased within two 


eee shells that can be closed for protection. 
rom sea 


water 


s ee 

1 SNAIL 
Able to creep around on 

its muscular foot, a snail can 

squeeze its soft, boneless body 


into its coiled shell when it 
feels threatened. 


GIANT CLAM 


The biggest of all mollusks, 
the giant clam can grow to more 
o than 40 in (1 m) across. It finds 
“ay a spot i | reef 
B pot in a coral reef and, once 
pa there, stays in place for life. 


: 


Basically snails without 
shells, slugs can live in places 
with few of the chalky minerals 
that other mollusks need to 
build up their shells as they 
grow larger. 


4, We ~ sue . < 


ie Paget ay er ee ae 


2 GIANT SNAIL 4 squib 
A native of tropical Africa, the Fast-swimming squid can catch 
giant snail can be 12 in (30 cm) __ fish with their tentacles, change 
long. A gland at the front of the ; color, and shoot through water 
foot produces the slime that _» backward using jet propulsion. 


enables a snail to slide along. 


A 
es 


eS 


Limpets use their 6) 
conical shells to 


protect themselves Octopus's 
from waves tentacles dart 
out to reach prey 


Algae living in the giant clam’s 
fleshy lips use sunlight to produce 
energy-rich food for the clam 


@—) 


Cuttlefish can 
change color 


“J according to 
vt their mood 


Mussels feed by 
drawing water 
into the shells and 
filtering edible 
particles 


7 OCTOPUS 


Like the cuttlefish and squid, 
an octopus is an intelligent 
anima! with excellent eyesight. 
It uses the strong suckers on its 
eight long arms to catch crabs. 
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BIRDS 


The only animals with feathers, birds are found 

in all parts of the world. Many have superb flying 

skills, with strong chest muscles to power their 
flapping wings. There is a dazzling diversity 
of species, from soaring albatrosses and 
flamboyant peacocks to flightless rheas 

and tiny hummingbirds. 


4 


“We Se 
> ZEBRAFINCH © | 


Like many birds, the zebra finch 


ye of Australia lives in large flocks 
“ that fly and feed together for 


safety. Its stout bill is adapted 


* bh TAWNY EAGLE 


Eagles are powerful hunters. They target for splitting the tough skins of 
their prey while soaring high overhead, grass seeds to get at their 
then Swoop down to seize it in their talons. \ nourishing kernels. 
The tawny eagle is also notorious for \' 
stealing the victims of other birds of prey. a ih 
\ 
Immensely 


strong, sharp- 
clawed talons 
are the eagle's 
main weapons 


Penguins’ 

wings are 
adapted for 
swimming, 
not flight 


14 A RHEA 
fe) As tallas 5 ft (1.5 m), these 
large flightless birds roam the 
grassland of South America. They 
eat plants, nuts, seeds, and fruits, as well 
as insects and small animals, such as lizards. 


Birds spend 
hours preening 
their feathers to 
keep them in 
good condition 


King 
penguins 


== Farmyard 
ducks 


The male peacock 
raises its hugely 
elongated tail feathers 
to display them 


= 


Parrots can 
crack nuts with 
their strong bills 


Most owls hunt by night, 
but the snowy owl is 
active during the almost 
continuous daylight of the 
Some swifts can Atctic summer. It uses its acute 
keep flying for hearing to locate small animals 


many months such as lemmings feeding 
without landing 


A ALBATROSS 


The long, narrow wings of an albatross enable 
it to soar for hours on oceanic winds without 
moving a muscle. It feeds on marine animals, 
which it snatches from the ocean with its bill. 


Soft feathers 
beneath the snow. allow owls to fly 


in complete silence 
Hummingbirds 
hover on whirring 
wings to sip 
flower nectar 


< WOODPECKER 


Woodpeckers use 
their powerful bills 
to carve out nesting 
holes in trees, and many 
also hack into soft wood to 
find insects. This green woodpecker 


J RQ 089"" 99, catches ants with its extra-long tongue. 


> TOUCAN 


The enormous bill of the toco toucan is much 
lighter than it looks, because it is a hollow shell 
of lightweight horny material supported by 
crisscrossing internal struts. The toucan 
uses it for display as well as feeding. 


Peacock 
display 


Blue tit 


ig 


> FLAMINGO 


Vast wading flocks of % 
flamingos gather tiny 
animals and algae from 
warm lakes. Holding their 
extraordinary bills upside down in the 
shallows, they use their tongues to pump 
water through their sievelike bill 
Steen By, fringes to trap food. 


The flamingo’'s pink coloring 
comes from pigments in the 
bird’s food 


\\ Great white 
pelican 


> PEAFOWL 


The female peafowl, or 


peahen, looks drab and Pelicans use 


colorless compared to the the pouch 
dazzling male peacock, with ae bene 
° f ° F Pt 4 9G their bills 
nisarnazing Courtship ao Webbed feet stop og AAs f like fishing 
of fanned tail feathers. wading birds from : nets to catch 
sinking in mud their food 
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EGGS 


All female birds lay eggs. The young grow inside the eggs, which are kept warm by 
their parents. To hatch, the baby birds must chip their way through the eggshell. 
This is not hard for an ostrich chick, but many baby birds hatch at a much earlier 
stage in their development when they are naked, blind, and almost helpless. 


GREAT AUK 

This beautiful egg is one of the 
last relics of a big flightless seabird 
that once lived in the north Atlantic 
and hunted fish like a penguin. 
Each pair laid just one egg, and the 
last known pair was killed in 1844. 


3 KING PENGUIN 
King penguins breed in huge 
colonies on windswept rocky islands 
around Antarctica. Each female lays 
one egg and both parents take turns 
keeping it warm by supporting it on 
their feet beneath their warm bellies. 


A OSTRICH 


The ostrich is the world’s largest 
bird, and it lays the biggest eggs. 
Each one can weigh anything up to 
4 Ibs (1.9 kg)—the same weight as 
27 chicken’s eggs. 


BlackcaP 


ca ; 
Coal tit 


QUAIL 

The quail lays a huge clutch of up to 18 eggs in a nest on the 
ground. Like many eggs, they have camouflage markings that make 
them harder to see. The female starts keeping them warm only after 
she lays the last one. This means they start developing at the same 
time, so they all hatch at once. The chicks are active as soon as they 
hatch, just like ostriches. 


_ ea 


EGGS 
SPARROWHAWK KIWI 
Inthe 1960s, sparrowhawks A kiwi is 20 times smaller than 
_ suffered from poisoning by an emu, yet their eggs are almost 
_ pesticides used in farming. The the same size. This means that 
poisons thinned their eggshells, the egg is huge compared to the 
__ so they broke when the birds kiwi that lays it, at up to a quarter 
tried to keep them warm. of her weight. That's like a human 
Most of these pesticides mother giving birth to a three- 
are now banned. year-old child. 
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COMMON SANDPIPER 


Sandpipers are shorebirds that lay their eggs in shallow 
mee scrapes on the ground near the water. Their pointed shape 
allows them to be pushed together in a tight clutch to take 
up less space. The eggs are camouflaged by speckled 
patterns, and can be hard to see—but if you do find any 
birds’ eggs, remember it is illegal to collect or disturb them. 


] ] HUMMINGBIRD 


Hummingbirds lay the smallest of all 
birds’ eggs. The bee hummingbird’s egg is 
the size of a pea, because the bird itself is 
no bigger than a large moth. This ruby- 
throated hummingbird’s egg is bigger, but 
still tiny compared to the ostrich egg. 
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MOVEMENT 


The feature that makes animals so different from 
other living things is their ability to move. Some 
do not move much—a sea anemone, for example, 
is sedentary (remains in one place) and catches 
anything that touches its tentacles. Most animals, 
however, travel to look for food, find breeding 
partners, or escape from their enemies. They 
slither, crawl, walk, hop, run, swim, and fly, 
sometimes at incredible speed. Some have 
evolved other amazing ways of getting around, 
like the insects and spiders that walk on water, 
and the extraordinary sidewinding rattlesnakes. 


GIBBON 

Although gibbons 
can walk well, they 
usually move through 
the forest by using their 
long, powerful arms to 
swing from the trees. 
They hurl themselves 
from branch to branch 
with astonishing speed, 
agility, and elegance. 


SS ) 


SNAKE 


A typical snake slips along 
by curving its flexible body 
around plants and stones, 
and pushing the curves 
toward its tail. Sidewinders 
like this desert viper have 
a more baffling method, 
looping sideways over the 
sand like rolling springs. 


PENGUIN 


All penguins are superb 
swimmers, using their wings 
to “fly” through the water, 
but they walk clumsily. On 
snowy slopes they often 
prefer to toboggan on their 
well-padded bellies, pushing 
themselves along with their 
stoutly clawed feet. 
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STARFISH 


A starfish can curl its arms, but it 
actually creeps over the seabed using 
hundreds of tiny “tube feet” on its 
underside. Each tube foot is pumped 
full of water, and is extended and 
moved by changes in water pressure. 


SNAIL 


The muscles in a snail's foot 
contract and expand to create a rippling 
movement that pushes the snail forward. 
Glands in the foot produce a slimy mucus 
to make the track slippery. The slime also 
protects the snail from debris. 


CHEETAH 10 BARN OWL ] ] KANGAROO 
The fastest of all land Birds are the masters A leaping kangaroo 
| animals, a cheetah can run of the air. Most, like this uses the elastic tendons in 

at an astonishing 60 mph barn owl, use their powerful the backs of its legs like the 
(95 km/h). It achieves this by feathered wings to drive springs of a pogo stick. Every 
flexing its back to extend its themselves forward. Others time it lands on its long feet 
stride as it bounds forward can travel long distances by the tendons stretch like 
on its long legs, but it can soaring on rising air currents rubber bands, then spring 
only keep up this pace for like gliders, without beating back again to catapult the 


about 40 seconds. their wings at all. kangaroo forward. 
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LIVING 
TOGETHER 


Animals and plants often rely 

on other living things for survival. 
Food, shelter, and pollination 

are some of the clearest examples 
of this. However, some animals 
and plants have much closer 
relationships. They can be 
partners, providing things like 
food or protection for each 
other. Some tag along with others 
without providing anything in 
return. Many do worse, latching 
on to other organisms as parasites, 
which can harm or even kill their 
often helpless hosts. 


The microscopic 

algae that live in 

partnership with 
this coral provide 
its vivid color 


CORAL 


Corals trap prey in their stinging 
tentacles. They pass some of the 
nutrients from their victims to tiny algae 
living in their tissues. These use the Sun’s 
energy to make sugar, and they pass 
some of this food back to the corals. 


A remora clings 
to a shark's skin 
using a special 
sucker on the 
REMORA back of its head 
Predatory sharks have very sharp 
teeth that cut their prey to shreds. 
The scraps are eagerly devoured by Anegoreeect ath 
; : nts protect the 
fish called remoras, which travel with aphids from their 
the sharks by clinging to their skin. enemies in exchange 
They do their hosts no harm, and for sweet, syrupy 
the sharks seem to ignore them. Oa 
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An impala 
welcomes the 
attention of a 
red-billed oxpecker 
searching for 

tasty parasites 


This cuckoo chick 
has outgrown 
both the host 
bird and its nest, 
but it still cries 
out for food 


A strangler vine uses 
a tree for support, 
but eventually kills 
it by competing for 
food and light 


This long, tubular 
flower is a perfect fit 
for the long bill of 
the sword-billed 
hummingbird 


ANTS AND APHIDS 


Aphids are tiny insects that feed on sugary 
plant sap. They must eat a lot of it to get enough 
protein, and they excrete the excess sugar as 
drops of sweet honeydew. Ants love to drink this, 
so they “farm” the aphids, protecting them from 
predators, ensuring a constant supply. 


= 
=e 


STRANGLER VINE 


Some slender rain forest plants, such as figs, 
grow by encircling a tree and slowly killing it—a 
process that can take up to 150 years. They steal 
the tree's nutrients, and eventually the tree dies 
and decays, leaving the fig plant standing alone. 


HUMMINGBIRD 


Hummingbirds gather flower nectar, and 
in the process they carry pollen from flower to 
flower. Some plants have evolved flowers that 
match the bills of particular hummingbird 
species, to encourage the birds to visit them 
and deliver their pollen efficiently. 
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MAMMALS 


Mammals are warm-blooded creatures that feed their poe 
on milk until the young are able to eat solid Sie sie are 
furry or hairy, unlike all other vertebrates Sa esas S ee 1 
backbones). Many eat plants, while others prey on ss 1e1 
animals. Some, like humans, eat both plants and meat. 


> ECHIDNA 

The echidna and the 
equally strange platypus 
are the only mammals 
that lay eggs. A baby 
echidna lives on milk 
produced by its mother 
for up to six months. The 
mother eats food such as 
earthworms, which she 
digs from the ground 
with her long snout. 


A MOUSE | \ 
Nearly half of all mammal i} 
species are rodents—a } 


group that includes mice, ‘ 
rats, beavers, porcupines, 
and squirrels. The house 

mouse is the only mammal, 


aside from humans, to live 
on every continent. 


< ELEPHANT 


Elephants use their sensitive 

trunks to gather coarse 
vegetation, which they 
grind to pulp with their 
massive teeth. They are the 
biggest land animals and 
are very intelligent. 


> KANGAROO 
Marsupials such as 
kangaroos give birth 
to tiny young that are 
only half-formed. The 
newborn crawls into a 
pouch on its mother’s 
belly to drink milk 
and grow into a fully 
developed baby 
kangaroo, or joey. 


A BAT 


Bats are mammals that can fly. Some 
eat fruit, but most species, like this 
long-eared bat, catch insects. They 
are nocturnal (active at night) and 
locate prey in the dark by emitting 

5 | high-pitched clicks and listening for 
echoes from their target. 


Sits tara ales ain ain 


MAMMALS 


% ee 
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< TIGER > 


Powerful hunters like the tiger eat other 
mammals and birds. They have long, 
daggerlike canine teeth for killing their 
prey, and scissorlike cheek teeth for 


« 
slicing through hide and meat. os > ~ 
+ ‘ a 


f 
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A MOLE 


Moles are specially adapted to their 
underground environment. They 
have strong claws for digging and 
very sensitive whiskers, which 
compensate for their poor eyesight. 


A KILLER WHALE 


Whales and dolphins, like this killer whale, 

live in the ocean, swimming with up-and-down 
movements of their powerful tails. They come 
to the surface to breathe air. 


< GORILLA a ro 
Our closest relatives among es . El 
the mammals are apes like the SS aa 1 
gorilla—a plant-eater that lives in ie 
the rain forests of tropical Africa. 


> HIPPOPOTAMUS =e ) 8 fee 
The hippopotamus spends “a — 
most of its time wallowingin [ii is OF 
rivers and lakes. The massively (iia G 
built plant-eater has the largest 
mouth of any land mammal. 
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SLEEP 


Animals sleep to save energy, rest their muscles, and 
allow their brains to process the information that they 
pick up while awake. Some hunting animals sleep a 
lot, because they devote only a few hours each day 

to looking for food. Animals that are hunted spend 
much more of their time awake and alert. 


I ) BATS sleep for about 
~~ 20 hours a day, often in 
__ large colonies. | adult humans. 


2  TWO-TOED SLOTHS 8 SHEEP are descended 
are awake for only four 
hours a day. Like bats, they 
can cling to branches with 
their claws while fast asleep. 


4 wOLVEs may sleep for up 
to 14 hours a day, especially 
if they have had a big meal 
after a successful hunt. 


e) 


7 PIGS need eight hours 
of sleep a day, just like 


from wild animals that 
need to stay awake to escape 
predators, so they sleep for 
less than four hours a day. 


Bats sleep while 
hanging upside 
down by their 
feet in caves, 
tunnels, cellars, 
and from trees 


10 RABBITS sleep for about 


eight hours, mainly during 
the day. They prefer to feed at 
night when they are not so 
vulnerable to predators. 


Horses can sleep standing up 


without toppling over because 


their legs lock in place 


11 RED PANDAS, which 15. RED FOXES sleep 


are like bamboo-eating for about 10 hours a day, 
raccoons, sleep for about mostly during the day. Like 
11 hours a day, many hunters, they are more 


active at night when they 
track their prey using their 
sensitive noses and ears. 


12 BABY GORILLAS 
need about three hours 
more sleep than their parents. 


They may sleep or doze for 16 ELEPHANTS stand up 
more than 15 hours. for two of the four hours a 
=a day they sleep. They have to lie 
” down for the dreaming stage, 


when their muscles are too 
relaxed for them to stay on their 
feet. Large plant-eating animals 
tend to get less sleep than 
smaller animals, because they 
have to spend so much time 
looking for food and eating. 


13. CATS often sleep for 15 
hours a day. Wild cats are 
most active during the night. 


7 


18 KOALAS eat tough 
eucalyptus leaves that are 
hard to digest and provide 
little energy, so they spend 
Dogs have about 15 hours a day sleeping 


similar sleep and another five hours dozing. 
patterns to 


humans 


19 


20 HEDGEHOGS usually 
sleep for 10 hours during 
the day. In winter, they 
hibernate (spend the cold 
months in a sleeplike, 
inactive state). 
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Crocodile teeth are all 
the same shape and 

can be replaced by new Gannet 
ones more than once 


A CROCODILE 
One of the closest living relatives 
of the dinosaurs, crocodiles have 
long jaws studded with many 
sharp-pointed teeth for seizing = Sy ’ q 
their prey. The fish-eating gharial ~— 4 a 
of Indian rivers may have Mallard 

more than 100 teeth. 


Curlew 


Long bill of a curlew 
allows it to probe 


deeply into soft mud & Mv Rabbit 
to catch worms » y MW, 
iS 6, HU Sy ; o-, : 
=e ws Hamster 705% “se “ ae : 
> PARROT "1 Hedgeno3 
All birds have thin, Armadillo 


light skulls, which makes flying 
easier. Their beaks or bills are 
much lighter than toothed jaws. 
They are not built for chewing, 
yet the bills of some parrots are 
strong enough to crack nuts. 


> FROG "°° 


The skull of a frog is broad, providing 
plenty of room for its large eyes and 
giving it an extremely wide mouth. This 
allows it to swallow its prey whole, so it 
does not need a set of teeth for chewing. 


< LION | "collie $99 


Like all cats, the lion is a dedicated hunter. 
It has short, powerful jaws with huge 
stabbing canine teeth at the front and 
meat-slicing carnassials at the back. 


Deep ridge 
on back of 
skull anchors 
massive muscles 
attached to jaw 
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* The big eyes of this 
* powerful, fast-swimming 
predator are contained 
in large sockets 


Anteaters have long 
jaws and extremely 
long tongues, but 


no teeth at all > BARRACUDA 
: Fish have quite strong skulls, 

vV ANTELOPE but the various parts are not 
Some animals, such fused together like those of 


as antelope and cattle, 
have massive horns on 
their heads for defense 
and fighting rivals. Male 
deer grow antlers, which 
they use to impress females 
and fight each other, but 
these antlers fall off at the 
end of the mating season. 
Each male grows a new 
pair every year. 


mammals. The jaws of many 
fish are separate from the brain 
case, but attached by bones 
that allow them to be thrust 
forward to seize prey. 


Massive jaws are armed 
with needle-sharp teeth 
for a secure grip on prey 


Barracuda 


Furry skin (velvet) 


nourishes the antler Vv BABOON 


as it grows, and is 
shed in the summer Close relatives of humans, baboons have 
similar skulls, but longer jaws and bigger 
back teeth. This is because they eat large 
quantities of grass, which requires a lot 
of chewing. They also have long, sharp 
canines, which they use to kill animals for 
food and to fight among themselves. 


Strong bony cores 
are sheathed with 
tough outer layers 


of ridged horn 
Patan 


Antelope Eye sockets at front 
of skull allow the 
baboon to see things 


in three dimensions 


Nasal cavity contains 
thin scroll-like bones, 
which support the 
membranes that 
detect scent 


Baboon 


SKULLS 


Most vertebrates (animals with 
backbones) have strong bony skulls. 
They are made up of cranial bones 

that protect their brains, jaw bones that 
support their teeth or beaks, and face 
bones that contain their eye sockets and 
nasal cavities. The whole structure can 
be quite heavy, and is supported by 
strong neck muscles. 


Long snout allows 
antelope to nibble 
grass while keeping 
watch for danger 


Sharp, bladelike incisor : 

teeth on lower jaw are ~ 
ideal for cropping grass 
and gathering leaves 
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QUICK QUIZ 


What can you remember about Nature? ' 
Jot down your answers, then check them on pp.296—97. 


WJ The oldest living tree can g What can you learn 


be found in California, but by looki t the rings 
10 y looking at the ring 
? 
do you know how old it is? ina tree trunk? 
@® 100 years 
© 500 years . 
@ 1,000 years 3) Trees make sugar from air and what 


© 5,000 years other substance? 


& Name this leaf. 2) Match the skin to the animal: 


@ Horse Chestnut é : 
© Ash Be 
@ Holly Zz 
© Oak | 


Oliger O iguana @ Octopus @ Salamander 


, 
| 
/ Name these parts of the flower. 


| ® Leeches are parasites that suck blood. 
How often do they need to feed? 


@ Once or twice a day © Once or twice a month 
© Once or twice a week ® Once or twice a year 


& What are creatures that feed 
ay on dead animals called? 


‘ | 2 Do you know what lam? 
dies # SS @ Norwegian wasp 
ee as © Bumble bee 

@ Hover fly 
© Honey bee 


* 


10 Why does a pufferfish 
inflate itself? 

@ To attack larger prey 

© To deter predators 

@ To improve buoyancy 

© Toattract a mate 


@ Who rules an 


ant colony? “g , uiAS gets 
@® The queen mB a 
© The king | 
@ The boss 


® The antlord ®% How many 


legs does an 


5) Why does the four-eyed insect have? 
frog have eyes on its back? 


@® Soit can see in two directions 


at once 8 Which of these animals 
© So it can sleep with two uses jet propulsion to 
eyes open move when alarmed? 


@ Soitcan turn its back to look 
fierce when attacked 

@ Because it wants to attract 
a mate 


@ Torpedo ray 
© Sparrowhawk 
@ Sea squirt 

© Squid 


QUICK QUIZ 


@ What is the 
biggest 
bird in 
the world? 


13 Whose bill is this? 


® Parakeet 
© Kingfisher 
@ Toucan 
© Pelican 


wy Which of these animals 
needs 8 hours of sleep 
a day, just like humans? 

@ ?i 

© Elephant 

@ ca 

© Wolf 


WP natch ihe skull to theanimat 


© aye 0 


Oxy 


@ Armadillo 


49 | love living in damp places, have seven pairs 
of legs, and if threatened | might roll up into 
a ball. Do you know what! am? 
@ Millipede 
© Hedgehog 
@ Woodlouse 
© Lobster 


© Badger 


@ Hamster 


20 What makes 
flamingos 
turn pink? 

@® Sunburn 

© Embarrassment 

@ A good joke 

© Food 
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FAST FACTS 


Lichen are only an inch or so tall, but 
they live for a very long time in the 

coldest places on Earth. Some lichens 
in Antarctica are more than 


4,00 a 


old. 
After a tree dies, all the carbon dioxide 
it absorbed when alive is eventually 
released back into the atmosphere. 
The same amount of carbon 
dioxide is released whether 
the tree burns or rots. 


The largest water plant 

is the Amazonian giant lily. 
Its leaves are so big that a 
child could run across them 
and not get wet. 


Magnolias are the most ancient 
flowering plants of all. Fossils of 
magnolias have been found that are 


2 million 

years old. 
The nepenthes is the 
world's largest carnivorous 
(meat-eating) plant. It 
catches insects in its huge 
vase-shaped pitcher leaves. 
It is sometimes called the 
“monkey cup” because 


monkeys like to drink out 
of its pitchers. 


Fungi live by feeding on other organisms 
or their waste. Pilobolus fungi feed on 
cow dung. 


The largest fungus ever found is an 
Armillaria ostoyae in Oregon, which covers 
nearly 4 sq miles (10 sq km) of forest floor 
and is thought to be 8,500 years old. 


The streaks of color in cheeses such 
as Stilton and Danish Blue are made 
by mold, which is a microscopic fungus. 


smallest 
flowering plant is 
the duckweed Wolffia, 
which is just 0.6 mm 
long. About 25 of these 
plants would fit on 
one fingernail. 


Many desert plants have very long 
roots to find water deep underground. 
The North American mesquite tree's 
roots grow up to 


150 ft.....long. 


In the 1980s, tiny nanoplankton were 
discovered floating in the oceans. They 
are less than 20 millionths of a yard 
long, and are the most plentiful 
organisms in Earth’s seas. 


Aphids are born 

pregnant and can 

give birth just 

10 days after they 
are born themselves. 


Eels lay their eggs in the oceans. The baby 
elvers then make their way to freshwater 
rivers. A female eel can lay up to 


A million 


eggs in one year. 


The seeds of the coco de mer are the 
largest of any plant. They can weigh 
up to 45 Ib (20 kg). 


One type of lungfish can breathe 
under water using gills and in 
the air using lungs. 


The smallest mammal, the bumblebee 
bat, weighs just 0.07 oz (2 g)—lighter 
than a penny coin. 


A domestic rabbit can 
give birth to.20 babies 
a month. 


The hummingbird is the only 
bird that can fly straight up, 
down, and backward. 


Bamboo is the tallest grass. It can grow up to 150 ft (50 m) tall. 


e e 
A typical bed is home to about 2 million dust mites. 


3 A male walrus’s tusks can grow up to 
ft.,..long. 
A male howler monkey's howls can be 
heard up to 8 miles (5 km) away. 


Crocodiles that live in saltwater cry. 
They do it to get rid of excess salt in 
their bodies, not because they are sad. 


Sharks have the best 
sense of smell of any fish. 
They can detect one part 
of blood in 7100 million 
parts of water. 


Prairie dogs live in huge burrows 
called towns. One town in Texas 
was home to 


400,000,000 
individuals. 


2 0 times per 
second. 

A hyena can produce 

hydrochloric acid in 


its stomach so it can 
digest bone. 


A woodpecker 
can peck up to 


Cobras kill 7,000 people every year in India. 


An army ant can carry 


es its 
wena 


Octopuses have three hearts—two 
to pump blood to their gills and one 
to pump blood around their bodies. 


Ants never sleep. 
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There is enough poison ina 
single poison dart frog’s skin 


to kill 1 0,000 mice. 


The pregnancy of an Indian elephant 
lasts for about 648 days. 


The biggest living cat is the 
Siberian tiger, which weighs 
up to 650 Ib (300 kg). 


A mole can tunnel through 
330 ft (700 m) of earth ina day. 
Springtails, a kind of insect, can survive 


in temperatures as low as -36°F (-38°C) 
because their bodies contain antifreeze. 


A red kangaroo can cover 
25 ft (8 m) ina single hop. 


The world’s largest living rodent, the 
capybara, can weigh up to 140 Ib (65 kg). 


A termite queen lays 2,000 


% 
fat. 


Whale milk is nearly 


20 


The blue whale is the largest animal 
that has ever lived. Its heart alone 


Male humpback whales 
sINg songs that last 
20 minutes or longer. 
They may be doing this 
to serenade females. 


Camels can go up to two weeks 
without drinking, but when there 

is water around, they can down 

40 gallons (200 liters) in 10 minutes. 


Monarch butterflies migrate 2,500 
miles (4,000 km) from North America to 
Mexico or Butterfly Grove in San Francisco 


one jump— 


There are more than 
370,000 known 
species of beetle. 


to hibernate during winter, even though 
they have never been there before. 


(30 cm) 


A bee’s buzz is made 
by its wings, which flap 
250 times a second. 


A dog can make 
about 100 different 
facial expressions, @ 
most of them 
involving its ears. 


Cows have four stomachs, which 
they use to process hard-to-digest 
grass and vegetation. ; 
Dogs devote 40 times more 
brain cells to their sense of 
smell than humans. 


Spiders occasionally team 
up to build huge webs. 


weighs 1,500 Ib (700 kg). 


A web found in 


China’s earthquake early warning 
system involves the close monitoring 
of snakes, which leave their nests 
shortly before an earthquake. 


A pile of elephant dung 
may contain 7,000 beetles. 


The largest flying bird is the wandering albatross. |t has a wingspan of up to 11 ft 
(3.5 m), which means that each of its wings is almost. as long as an adult human is tall. 


A blue whale’s whistle 
can be heard more than 


62 miles (100 km) away 1 ,000 ft measured 
under water. 590 ft (180 m) 

(300 a long and may across. It was 
Whales and dolphins put be hundreds of built by lots 
half their brains to sleep at a years old. of different 


time so that they don’t drown. 


Beaver 
dams can be 


2007 in Lake 
Tawakoni State 
Park in Texas, 


species of spider. 


that’s 200 times the length of its own body. 


A flea can cover 12 


a ~ —. 
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CELLS NERVE ie 


Found in the brain, spinal cord, and 

The body is constructed nerves, nerve cells, or neurons, carry 
from trillions of tiny living and process high-speed electrical 
“nits: mown accells Phere signals, called nerve impulses. These 

2 : impulses coordinate body processes 
ore ha Pog dk and enable us to feel, think, and move. 
types of cell—and each has its 
own shape, size, and specific job 
to do. Typically, cells of the same 
type work together in units called 
tissues. Each individual cell is 
surrounded by a thin membrane 
that regulates the movement of 
nutrients and other substances in 
and out of the cell. Cells multiply 
by continually dividing into 
two identical “offspring.” This. 
division allows the body to 
grow and to replace cells that 
are damaged or worn out. 


4 


A macrophage 
“reaches out” to 
capture bacteria 
(blue), which it 
will then digest 


- 


vicielgalbal SOUT pe. EPITHELIAL CELLS 
7 ia 0 form the spiked osteocyte tives 
‘protective, pitted lining ina lacuna, or space, in Tightly packed together, these 
of the stomach the bone matrix cells provide a barrier to stop harmful 
chemicals and germs from reaching body 
tissues. They cover the body, forming the 
Bone matrix is made outer layer of skin, and line hollow organs 


ON HONS CANIS such as the stomach, lungs, and bladder. 
and more flexible 


collagen fibers 


BONE CELLS 


Osteocytes are bone cells that help to 
keep the bone in good condition. At first, 
they lay down bone, but later become 
stranded within a bony space. They keep 
in touch through tiny threads and pick 
up supplies from nearby blood vessels. 


5 LIVER CELLS Gt 
Also known as hepatocytes, liver 
cells enable the liver to perform many 
hundreds of roles to control blood 
composition and keep the body stable, 
A sphevical These include processing and storing 


6 we —fatcellisfilled | mutrients (foods), and removing poisons. 

mostly with : ; 
a droplet of ; 4 
energy-rich fat 
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HUMAN BODY 


MUSCLES 


Every body movement, 
whether it’s a leap in the 
air, a wink of the eye, a 
rumbling stomach, or 

a rapid heartbeat, is 
produced by muscles. 


Skeletal muscles are attached 
to bones of the skeleton, which 


they pull to move us around. 
Smooth muscle moves food 
along the intestine. Cardiac 
muscle keeps the heart 
pumping. All muscles are 
made of cells called fibers 
that contract (get shorter) 
to produce a pulling force. 


] SKELETAL MUSCLE 


Long, cylindrical muscle 
fibers run in parallel and can 
reach up to 1 ft (30 cm) in 
length. They are bundled 
together to form muscles 
that are attached to bones by 
strong cords called tendons. 
Skeletal muscles move the 
body when instructed by 
the nervous system. 


SMOOTH MUSCLE 


Tightly packed into 
layered sheets, smooth 
muscle fibers are found in the 
walls of hollow organs, such 
as the small intestine, along 
which they push food, and 
the bladder, from which they 
expel urine. Smooth muscle 
contracts slowly and cannot 
be controlled voluntarily. 


y) 


yi 


Rectus abdominis 
muscle pulls in the 
abdominal wall 
and bends the 
body forward 


Sartorius muscle 
bends the thigh 
at the hip and 
turns it inward 


Quadriceps femoris 
is a group of four 
muscles that 
straightens the 

leg at the knee 


SURFACE MUSCLES 


Deltoid muscle raises 
arm sideways and 
swings it backward 
and forward 


SX 2) 4 


SN 


ti. 


yi, 
a 


. 
Diaphragm 
muscle 
separates 


the thorax é 4 


(chest) from the 
abdomen and 
aids breathing 


te 
ws 
y+ 


a 


¥ 


" 


Adductor 
longus 
muscle pulls 
and turns the 
thigh inward 


DEEP MUSCLES 


FRONT MUSCLES 


Skeletal muscles are arranged 
in overlapping layers, with 
surface muscles covering 
those deeper down. Muscles 
at the front of the body produce facial expressions, move 
the head forward and to the side, move the arms forward 
and bend them at the elbow, bend the body forward and 

to the side, bend the legs at the hip, straighten the knees, 
and lift the feet upward. 


MUSCLES 


Triceps brachii 
straightens the 
arm at the elbow 


Intercostal 
muscles move 
the ribs during 
breathing 


Latissimus 

dorsi pulls arm 
backward and 
toward the body 


| Gluteus medius 
muscle pulls thigh 
out to the side 


Biceps femoris 
muscle (one of 
the “hamstrings’”) 
bends the leg at 
the knee 


‘ Tibiali 

Gluteus maximus 7 Pe ins 
muscle straightens 

A — turns the 

thethighatthehip 5 
4 a. foot inward 
when standing Batsnecs 
or climbing ae 
». longus 


muscle 
arches 
foot when 


on tiptoe DEEP MUSCLES 


Gastrocnemius muscle 
pulls the Achilles 
tendon to bend the 
foot downward 


Achilles tendon is the 
thickest and strongest 
tendon in the body 


REAR MUSCLES 


All muscles are given Latin 
names that describe their 
size, location, shape, action, 
or other feature. Working 
downward from head to feet, skeletal muscles at the rear 
of the body keep the head upright, steady the shoulders, 
keep the back upright to maintain posture, pull the arms 
backward and straighten them, straighten the thighs at 
the hip and bend the knees, and point the toes downward. 


SURFACE MUSCLES 
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BLOOD 


Flowing all around your body, blood delivers 
food, oxygen, and other essentials to trillions 
of cells and removes their wastes. Blood 
also distributes heat around your body 
and defends it against infection. Blood 


is made up of a yellow liquid called 
plasma in which float blood cells. 
Red blood cells pick up oxygen in 
the lungs and deliver it to your 
body’s cells. White blood cells 
defend the body against disease- 
causing germs. Blood also contains 
platelets, which enable it to clot to 
seal damaged blood vessels. The 
heart pumps blood around the 
body along three types of blood 
vessel. Arteries carry blood away 
from the heart, while veins return 
blood to the heart. Microscopic 
capillaries link arteries and veins 
and supply blood to cells. 


Plasma is 90 percent 
water and contains 
more than 100 


Blood is 55 percent 
plasma and.45 
percent blood cells. 
One drop of blood 
contains 250 million 
red blood cells, 
375,000 white 
blood cells, and 

» 16 million platelets. 


average body are 9 pints 
(5 liters) of blood. 
Oxygen-rich blood in 
arteries is bright red 

in color. Oxygen-poor 
blood in veins is dark 
purple-red. 


| Circulating around the 


thumb, the largest 


different dissolved 
substances including 
food, waste, hormones, 
and salts. 


) White blood cells 
' called neutrophils 
+ and macrophages eat 


germs. Lymphocyte 
white blood cells 
disable germs by 
releasing chemicals 
called antibodies. 


Al; 


Unraveled and 
“stretched out, one 
adult's blood vessels 
would encircle 
the Earth twice. 
Capillaries would 
make up 98 percent 
of the total length. 


artery and vein (the 
aorta and vena cava) 
are 2,500 times wider 
than a capillary, which 
is just one-tenth the 
width of a hair. 


Oxygen-carrying 
ted blood cells make 
up 99 percent of all 
blood cells. Every 
second, two million 


new red blood 


During a lifespan of 
120 days, a red blood 
cell travels around the 
body 170,000 times— 
once each minute. 

It is then dismantled 
and recycled by the 
spleen and liver. 


Packed into every red 
blood cell are 250 
million red-colored 
hemoglobin 
molecules. Each one 
carries four oxygen 


molecules, so a single 
red blood cell can 
transport one billion 
oxygen molecules. 


cells are made by 
jellylike red marrow 
inside bones. 


The heart is made 


largely of cardiac The heart beats, on 


‘More than 80 million units of blood are donated around the 
world every year. Blood transfusions replace blood lost during 


muscle, which does 
not tire. Over a 
lifetime of 70 years, 
the heart beats 2.5 
billion times without 
taking a rest. 


average, 70 times a 
minute. Heart rate 
can double or triple 
during exercise to 
get extra oxygen 
to your muscles. 


to one of four blood 
groups—A, B, AB, or 
O. Blood groups are 
determined by tiny 

“markers” carried by 
red blood cells. 


surgery and are used to treat some medical conditions. 
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SKIN, HAIR, AND NAILS 


Skin is the body’s protective overcoat, forming a barrier between vulnerable 

body tissues and the harsh, changing conditions of the outside world. It | 
prevents water loss, blocks invasion by germs, repairs itself when damaged, baleen Bis oe 
helps us keep warm, and enables us to sense our surroundings. The dying, fattening, and aliog 
uppermost layer of the skin is made from dead cells filled with a tough, with keratin as they do so 
‘waterproof substance called 
keratin. Hair and nails, 
both derived from skin, 

are also made from dead, 
keratin-filled cells. 


es 
S 


“244 Flat, scaly cells 

4 inthe upper 
Y epidermis are 
constantly worn 
away as skin flakes 


Cells in the base of 
the epidermis divide 
constantly to 
replace those lost 
from the surface 


The dermis contains 
living cells and 

fibers that allow skin 
to stretch and recoil 


4 Y > 


] SKIN CROSS-SECTION rd 


A section through the skin reveals that it 
has two parts. The epidermis is a germ-proof, 
waterproof barrier that protects against harmful 
rays in sunlight. The thicker dermis contains blood 
vessels, sensory receptors, and sweat glands. 


Surface of 

the epidermis on 

3 SKIN COLOR the back of a 

Special cells in the petsone raed 
epidermis produce 

the brown piamen Skin surface is not 

: P g : A smooth but covered 

melanin, which filters out with ridges into which 

harmful ultraviolet rays sweat spreads 


from sunlight before they 
can damage skin cells. 


Melanin, along with 

blood flowing through 
the dermis, gives the 
skin its color 


Sweat is a watery solution, filtered 

y from blood and containing salts 
Mes and wastes, that oozes from 
2 small openings called pores 


SKIN, HAIR, AND NAILS ewes 


: 


Sebaceous gland secretes 
oily sebum that keeps hair 


Fingernail is formed from layers of 

FINGERNAIL dead, flattened cells from the epidermis 

Ideal for gripping 
objects and scratching 
itches, fingernails are 
clear plates that 
protect the sensitive 
upper parts of the 
fingertips. The cells 
that make nails die, 
flatten, and fill with 
keratin as they are 
pushed forward from 
the nail’s root. 


Hair shaft is made of dead 
cells packed with keratin, 
pushed up from the hair bulb 


Skin covering 


: ae — | the fingertips is 
mae Ft FF © ie sensitive because 
" eo it contains many 
®. ‘w touch receptors 
= > i — 
ae. f : 


Hair follicle § 
is a hollow 
space in the t 
skin from * 
which a hair 


grows ee 


Hair bulb, deep a 

in the dermis, 

contains living, SSo™— 
dividing hair cells 


and skin flexible and soft 


HAIR 

Millions of hairs grow from 
the skin covering most body areas. 
Scalp hairs protect the skin from a 7 
sunlight and reduce heat loss. Finer, | | 
shorter body hairs sense the presence 7 y 
of insects on the skin before they can y 


sting or bite us. a 
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BRAIN 


Safely inside the skull, the brain allows us to sense, think, learn, remember, 
and move. It also automatically regulates vital functions such as breathing. The 
cerebrum, the main part of the brain, has two halves, or hemispheres. The left 
hemisphere controls the right side of the body and is in charge of language, 
math, and problem solving, while the right side controls the body’s 
left side and deals with creativity, music, and art. The cerebrum’s 
many tasks are carried out by its outer layer, or cortex. This 
has distinct areas that have different roles. Motor areas 
trigger movement, sensory areas deal with the senses, 
while association areas interpret information. 


PREFRONTAL CORTEX 


The most complex part of the cerebrum, the prefrontal 
cortex makes us what we are. It determines our personality 
and intellect, and enables us to reason, plan, create and learn 
complex ideas, and have a conscience, 


A PRIMARY MOTOR CORTEX 


Most movements we make are controlled by the primary motor 
cortex, Guided by information from the cerebellum and other brain 
parts, it sends instructions to muscles that move the skeleton 
instructing them when, and in what sequence, to contract. 


5 PRIMARY SENSORY CORTEX 


Receptors in the skin for touch, pressure, vibration, heat 
and cold, and pain send signals to the primary sensory cortex 
enabling us to feel those sensations. Our lips and fingertips 
have high concentrations of receptors, hence their sensitivity. 


SENSORY ASSOCIATION CORTEX 


Basic information about touch, pressure, and other skin sensations 
is passed on by the primary sensory cortex to the sensory association 
cortex. Here sensations are analyzed, stored, and compared with 
previous experiences. It enables us to identify objects by touch. 


8 VISUAL ASSOCIATION CORTEX 


This is where information from the primary visual cortex about 
seen objects is interpreted and compared with previous visual 
experiences. The visual association cortex identifies what we are 
looking at and where it is in space, enabling us to “see” it. 


WERNICKE’S AREA 

Usually located in the left hemisphere, Wernicke’s area gives 
meaning to words that have been heard or read. Named after the 
German doctor Karl Wernicke, it has a direct link to Broca’s area, 
enabling us to speak the words we hear or see. 


/ ] ] PRIMARY AUDITORY CORTEX 


When sounds are detected by the two ears they send signals to 
the primary auditory cortex. Here the loudness, pitch (whether high 
or low), and rhythm of sounds are identified. That information is 
passed on to the auditory association area. 
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SENSES 


Our senses make us aware of the world 
around us and the changes that are 
happening in it. Our eyes detect light 
waves, and our ears sound waves, 
enabling us to see and hear. Our tongue 
and nose detect dissolved chemicals so 
we can taste, smell, and enjoy flavors. 
Our skin allows us to feel the texture 
and warmth of objects. 


Ear flap captures Ear canal leads 
sound waves and to the inner ear 
funnels them into where sounds 

the ear canal are detected 


Spiky papilla 
enables the 


tongue to 


Iris controls the 
grip food 


amount of light 
entering the eye 


Candy tastes sweet 
because it contains 
a lot of sugar 


Ringing the bell 
creates sound waves, 

which are detected 
by the ears 


Shapes, color, and 
movement are all 

detected by the 
sense of vision 


auoud |jaD 


HEARING 


The ears detect waves of pressure, called 
sound waves, that travel through the air. Sound 
waves are produced by objects, such as a ringing 
cell phone or bell, which move or vibrate. The 
waves pass into the inner ear, which is enclosed 
in bone on the side of the skull. Here, receptors 
convert pressure waves into signals. The signals 
travel to the brain, which identifies the pitch, 
volume, and direction of the sound. 


* 


Taste buds housed in 
mushroom-shaped papilla 


» ‘ co 


Feathers feel 


soft and ticklish Ls) 


3 TASTE 
” Small projections 
ah on the tongue, called 
ss papillae, house taste 
Z2 receptors called 

taste buds. Food 
} molecules dissolved 
in saliva are detected 
by the taste buds. 
These can distinguish 
between five basic 
tastes—sour, sweet, 
salty, bitter, and umami 
(savory and meaty). 


Skin ridges in the 
fingertips help us grip 
the objects we touch 


; ‘ot 


In addition to helping 

ustoenjoyfood,our 

sense of taste enables *: 

us to detect foods that ee 

may be poisonous. ss 
\ $ A cactus spine 
KE puncturing the 

Lemons and i ; skin stimulates a 


most other citrus pain receptor 


fruit taste sour 


Some 
cheeses 
emita 
strong 
smell 


SMELL 
The nose can detect more than 10,000 different 

smells. When air is breathed into the nose, odor 

molecules dissolve in watery mucus and are detected 


TOUCH 


The skin acts like a sense organ. It contains 
several different types of receptors that enable us 
to “feel” our surroundings. Most are touch receptors 


4 
‘ 


that send signals to the brain when the skin comes by odor receptors high in the roof of the nasal cavity. 
into contact with objects. Some detect light touch, Together, the senses of smell and taste enable us to 
some detect heavier pressure, and some detect detect flavors. Smell is more important, however, 
vibrations. Other receptors in the skin pick up which explains why food lacks flavor when we 
temperature changes or detect pain. have a blocked nose. Some smells, such as those 


produced by burning, can warn us of danger. 
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REPRODUCTION 


Human beings have a limited lifespan but are 
able, through reproduction, to produce a new 
generation to succeed them. Male and female 
reproductive systems produce specialized sex Female egg is large 
cells—called sperm and eggs—that unite during and pene 
fertilization and combine their genetic instructions TE ued 
to make a new, unique human. After fertilization Male epeneaitn baunina 
the embryo—later called a fetus—grows and tail penetrates the outer 
develops inside its mother’s uterus (womb) layer or eae 


for the nine months of pregnancy. A FERTILIZATION 


Inside a woman's reproductive system, sperm 

swim toward and surround an egg and attempt 

alate aherfouileation to penetrate its outer layer. Eventually one 
the pre-embryo is a succeeds, loses its tail, and its head fuses with 
ball of 16 cells the egg’s nucleus, thereby combining two sets 
of genetic instructions (DNA). 


< CELLS MULTIPLY 

As the fertilized egg, or pre-embryo, is swept 

toward the uterus it divides repeatedly, producing Thailivetrnwblas 
first two cells, then four, then eight, and so on. the embryo's 
Six days after fertilization it embeds itself in blood cells until 
the uterus lining. The head becomes Rone mia 


can take over 
more erect and the ears, 
including the organs of 
balance, develop 


Dark retina of a developing 
eye on the side of the 
embryo’'s head seas ea 


TIs"0:2" DR'PIW!"48103:2005" ten waLlobstern 
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Thoe narawid 
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A FOUR WEEKS A FIVE TO SIX WEEKS A SEVEN WEEKS 
This pea-sized, four-week-old | The embryo’s brain continues to develop, 
embryo—its head is on the as do other organs, such as the intestines. 
left—is growing in its mother’s — Its.skull and face are taking shape, and 
uterus, Its tiny heart is beating limbs, in the form of buds, are starting 
and the nervous system and to grow. The embryo floats within a 

vital organs are forming. sac filled With protective fluid. 


The bones of the grape-sized embryo 

start to harden and muscles develop and 
get stronger. Wrists and ankles arenow 
visible and fingers and toes are just 

starting to appear. Internally, the kidneys 
start to remove waste to make urine. 


REPRODUCTION 


RAG 4-8L/Obstetris 
2.8/10 Som 89H 
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Bee 


_ 


A TEN WEEKS 


Now 500 times bigger _| Eyes have 
than a fertilized egg and moved from 


consisting of billions of panel A TWELVE WEEKS A TWENTY WEEKS 

cells of differenttypes, = and eyelids Since their implantation, the | The fetus Fingers and ears clearly visible, 
the fetus, as it is now areforming cells have been growing and ___‘eceives the fetus’ movements can be 
called, has all its basic specializing and the tiny digziey Ls ly felt by its mother inside her 
organs in place and is individual they have molded the umbilical expanding uterus. The fetus 
growing rapidly. Its large is now recognizably human. It cord, which is blinks and swallows and follows 
head accommodates a has facial features, and fingers id Lat wea phases of sleeping and waking. 
fast-expanding brain. and toes have separated. The = anorgancalled The ridges that produce 
Fingers have formed and internal organs arein place, the placenta fingerprints appear on 
fingernails are growing. and the heart is beating. __ its fingertips. 


T 
Tis 02 ORPw 18.03 


“ae 
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A THIRTY WEEKS 
Ultrasound scanning, shown here, is a safe NEWBORN 
_ method used to monitor the development As pregnancy comes to an end, the uterus contracts to 
of a fetus, and it can also reveal whether it push the fully grown fetus into the bright, noisy outside 
 isagirl or boy. At this stage, the brain is still world. The newborn baby takes its first breath and the 
growing rapidly. The fetus can hear sounds umbilical cord is cut. In the next phases of its growth 
and its eyes respond to light. Its lungs can and development the baby is completely dependent 
now potentially breathe air. on its parents for food, warmth, and protection. 
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GENETICS 


Though all humans share the same basic body plan, 
each of us (except for identical twins) has a unique 
mixture of features. That is because the set of 
instructions—called genes—required to 
construct a human varies slightly from 
person to person. Genetics is the study 
of how the genes we inherit from our 
parents shape the way we are. 


Eye color is controlled by 
specific genes, and different 
versions of those genes 
produce a range 

of colors 


DNA 

Long molecules of DNA (deoxyribonucleic acid) 
are found in every body cell. When magnified, 
DNA resembles a twisted ladder with “rungs” made 
from four types of chemicals called bases (shown they are long and thin, but when a cell prepare 
in color). The sequence of bases along a section to divide into two how cells, each heen 


of DNA forms an instruction—a gene—for shortens i i 
—as its DNA coils up—and dupli 
making one of the proteins that build and run a cell. ¢ taking on the X-shape fai here ies 


CHROMOSOMES 
A cell's DNA molecules are packaged into 

23 pairs of chromosomes, which are found in 

the nucleus, the cell’s control center. Normally 


3 INHERITANCE 


We inherit half of our 


of our parents. A set of 23 
chromosomes contains 
about 25,000 genes. 
Maternal and paternal 
chromosomes carry 
matching pairs of each 
gene—such as the gene 
that controls eye color— 
but not necessarily the 
same version. If two 
versions are present, only. 
one—the dominant 
gene—has an effect. 
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HEALTH ia 


re aot 


DRUGS 


a 
Chemicals that are used to = 
pete £4 treat and prevent disease, by Yo. 
bak a ee RP 
A healthy body is one that is fit, strong, _ changing some aspect of the e 
supple, and working well. Disease and : way the body works, are called 
ee . = d Antibiotics, which kill harmful 
injury prevent the normal working drugs. Anti »wh 
f the body. While it is not always : bacteria, and analgesics, which reduce 
of t el ya Pi ans ee: pain, are both examples of ee They ee be 
en i gee / given to a patient in a number of ways—by 
ae 2 orscase are reduced by injection, as pills and syrups that are swallowed, 


adopting a healthy lifestyle, including or as a vapor that is inhaled into the lungs. 
getting regular exercise and eating 

a good, mixed diet of fresh foods. Ifa 
person does become sick, a doctor has 
to figure out exactly what the problem 
is, and then decides on a suitable course 
of treatment. This might include drugs, | 
surgery, or other means to return the 


person to full health. | 


Inhaler is used to 

introduce drugs, Hypodermic syringe 
such as those that is used to inject drugs 
treat asthma, into into the bloodstream, 
the lungs skin, or a muscle 


y pills 


Laryngeal mirror is placed 
in the mouth to check the 
larynx (voice box) 


ie 


Pea 
Tee 


fe eae. 
1B ® Otoscope has a ~~ ft 
: E 4 » lens anda light 
..£ | andis used 
— i . 
2 | tolookintoa 
| I 6 
a patient's ear 


FIRST AID 


The initial treatment to a Person 
who is sick or injured is Called 
first aid. It is often performed by 
someone who is not medically 
qualified, but has been trained 
to use simple yet effective 
treatments. In more serious 
Cases, first aid may keep a person 
alive until medical help arrives 
A first-aid kit contains essential 
items such as disposable gloves 
Scissors, antiseptic cream and 
= wipes, adhesive bandages, 


Sterile dressings, and 
» | bandages. 


Stethoscope is 
used to listen to 
chest sounds 

such as breathing © 
and heartbeat | 


~ Ophthalmoscope 
enables a doctor to 
examine the inside 
of a patient's eye 


~ DIAGNOSIS 


yf a person is ill their doctor first 
"heeds to determine exactly what is 
wrong with them. This is called makinga % 
F diagnosis. The doctor asks about symptoms— — 
._ the features of the disease or injury the patient _ 
. has noticed—and considers the patient's 
‘medical history. Next, the doctor looks for 
“signs to help identify the illness, for example, _ 
using a thermometer to check body : 
temperature. The patient may require. 
further tests, such.as blood tests or X-rays.” | 


HEALTH 
At iy ie 


Cue. Pe FY 
= he 


AY 
\9) 
Du mbbel\ we 


_ Running shoes are ideal | 
footwear for running Chicken is a meat that | 
and other exercises is rich in protein, but 
that improve fitness low in harmful fats 


PREVENTION 


Regular exercise, such as running, walking, or playing sports, improves 
fitness by making the heart and body muscles more efficient. It is also 
important to eat a balanced diet made up of a wide range of foods— 
including pasta and rice, fruits and vegetables, lean meat, and oily 
fish—and low in salt, sugar, and in the unhealthy fats found in red meat. 
Not only does a healthy diet reduce the risk of becoming overweight, 
but it can also help protect against certain diseases. Oranges, like all fruits, 
contain vitamins that are 
essential for good health 
Elasticated 
bandages Fish, especially oily fish, contain 
support joints, fatty acids that can reduce the 
limit swelling, risk of heart disease 
and secure 
dressings that 
control bleeding e ‘: Re 
Social téileca surgeon, suraete a te: — 3 
ng into a patient's body to repair, a 
‘replace tissue damaged by disease 


n Surgery takes place in an operating — | 
room. To reduce the risk of infection, staff v wear — Sterile sur 


gowns and masks, and everything is sterile (free oes. wos, ols 


of germs). During an operation the patientis  usedbya 


fi - surgeonto © 
. aiven an anesthetic—a drug or gas that ee: Reon 


mnufesrn feeling any pain. Be pperations 


Scalpel is a sharp 
blade for cutting 
through skin and 
other tissues 


Finescissors 


Fine forceps are 
used to grip and 
lift tissues during 
an operation 


= ~*~ 
Coarse forceps —— 
= "Se 


Coarse scissors 


1) 


Disposable gloves 


HUMAN BODY 


QUICK QUIZ 


What can you remember about the Human Body? 
Jot down your answers, then check them on pp.296-97. 


1) White blood cells circulate in the blood 2) Where in 

in a clear fluid. What do white blood cells do? the body do 
@® Keep acheck on blood loss in case of an injury you find 
© Fight disease-causing germs 5 
© Ensure that the blood flows smoothly through the veins osteocytes é 


3) What are these bones of the 
foot called? 4 How much of the 
body’s mass is made 
up of bones? 


® 30 percent 
© 40 percent 
© 20 percent 
@ 15 percent 


5) How many pairs of ribs 
form the rib cage? 

@® Thirteen 

© Twelve 

@ Eight 

© Ten 


6) How does a fetus receive food and 
oxygen in the womb? 


@ The fetus does not need food and oxygen a What are you more likely to 
until it is born ? 
© They are carried in blood through the call a trachea: 
umbilical cord 
@ The fetus absorbs them from the 
amniotic fluid -") . ’ 
© Gisinthenonpnine eee Match the images to the correct body parts: 


8 We produce every body movement, 
whether it’s a leap in the air, a wink 
of the eye, or a rapid heartbeat. 
What are we? 

© Ligaments 

© Bones 

© 


Muscles 


© cells 


11) What does the image 
on the right show? 
(clue: they are found 
in the brain) 


10 Match the instruments 
to their names: 


——, @ Otoscope 


J 


® @ Opthalmoscope 12) A baby starts life with 


just two cells. How 
many cells does the 
pre-embryo have 
after 72 hours? 


Can you name these parts 
of the digestive system? 


@ Laryngeal 
mirror 


@ Eighteen 
© Eight 
© Stethoscope @ Sixteen 
© Twelve 
14 In which sensory 15) What gives each 
organ would you find one of us our unique 
small projections mix of features? 
called papillae? @® The mood we are in 
@ Nose @ The side we slept on when 
© Ears we were in the womb 
@ byes @ Ourgenes 
© Tongue © Our blood group 
16 Which colored area of the brain plans what 17 Unraveled and 
you want to say and sends instructions to the stretched out, an 
muscles that you use to speak? What is it called? adult's blood vessels 


would encircle 
the Earth how 
many times? 

@ Two 

© Twelve 

@ Eight 

© Ten 


18 Our blood is made 
up of 55 percent 
plasma. What 
makes up the 
other 45 percent? 
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FAST FACTS 


Your body sheds tens of thousands 
of skin flakes every minute. Over a 
lifetime, a body loses 44 Ib (20 kg) 
of skin flakes. 


You lose 100,000 


brain cells every day. 


Your brain weighs about 2 percent 
of your total body weight, but uses 
20 percent of your blood supply. 


The liver handles more than 500 different 
jobs, including the disposal of dead blood 
cells, making proteins, and storing sugars: 


There are 1 00 trillion cells in your 


body. A billion of them die every 20 seconds. 


The largest human cell 
is the female ovum. 


The smallest is the male sperm. 


The brain of an adult is three times 
heavier than that of a newborn baby. 
From the age of 20, the brain loses 0.03 oz 
(1 g) a year as brain cells die and are 


not replaced. 


Eyes stay the same size from age eight, but 
noses and ears never stop growing. 


Nose hairs act like a net to trap 
and remove nasty particles 
from the air. 


Your skin cells fall off at a rate of 40,000 
per minute. Dead human skin cells make 
up about 70 percent of household dust. 


There are more 
muscles in a 
caterpillar than 
there are ina 
human body. 


You spend half an hour 
every day blinking. 


The left lung is smaller than the right lung 
to make room for the heart. 


It takes your stomach up to six hours 
to process a meal. The food then 
takes about six more hours to pass 
through the small intestine. 


Everyone has a unique tongue print. 


At rest, you breathe about 
once every four seconds. 
This rises to once every 
second during exercise. 


We make 2 pints (1 liter) 
of saliva in our mouths 
every day. 


Tiny bacteria make 
up 3 percent of 
your body weight. 


Women's hearts are smaller than men’s, but they beat on 
average 75 times per minute compared to 70 times for men. 


About a third 
of adults snore. 


Stretched out straight, the small intestine is about 19 ft (6 m) long. 


Food spends up to six hours in your stomach being digested. 


The smallest muscle in the human body 
is the stapedius. It is inside the ear and 
is less than 0.08 in (2 mm) long. 


There are more than 


600 


muscles in the human body. Muscles are 
40 percent of the body's total weight. 


Blood travels 12,000 miles (19,000 km) 
every day. That's half way 
around the world. 


After the age of 60 


you will lose about 
half your taste buds. 


The average 
person eats 
30 tons of food 
in a lifetime—that’s 
the weight of 80 
horses. 


The Stomach 
continually produces new 
layers of mucus to protect 
the lining and stop the 
stomach from digesting itself. 


There are around 1,000 trillion bacteria in 
your body—10 times more than 
the number of body cells. 


The loudest snore ever 
recorded was more than 
80 decibels, as loud as 
a pneumatic drill. 


The average human 

head has 100,000 ~ 
hairs growing on it, but 
redheads have only 90,000. 


e 


FAST FACTS 


An adult man normally needs to eat about 2,500 calories (10,000 kilojoules) a day. 
Arctic explorers need about three times that much to keep them going in the cold. 


The largest organ is the skin, which has 
a surface area of about 20 sq ft (2 sqm) 
and weighs about 22 Ib (10 kg). 


A fingernail would grow 90 ft 
(28 m) long if never cut. The 
middle nail grows fastest, 


the thumb slowest. Babies don’t have bony 


kneecaps, which 
appear between 
the ages of two 
and six. 


There are the same number of hairs 
on the body of ahuman being as on 
a chimpanzee. 


The longest beard ever measured was more than 


(S m) long 
t and belonged 
to Norwegian 


Hans Langseth. 


73 percent of babies’ 
bodies are water. This 
drops to 60 percent in 
adult men and 55 percent 
in adult women. 


The most common time : 
Babies start d ing before th born. . . 
ies start dreaming before they are born of birth is between 3a.m. 
The average human blinks 23 times a minute. an d 4 a.m. 


That's 12 million times a year. 


There are 250,000 sweat glands in a pair 


A body releases 4 pints (2 liters) of feet. They can produce half a pint (a v) 

of gas per day as burps or farts. quarter of a liter) of sweat in one day. 

Wh - 
Sy ORPSTe CO yOU:  £ 


One in 
2,000 babies _ v'!! walk the 
is born with a 


tooth. 


Standing upright burns up 140 calories 
(600 kilojoules) of energy in an hour. 


In an average 
lifetime, you 


equivalent 

of five times 

around the 
equator. 


The first successful heart transplant 
took place in 1967. There are now 
six heart transplants every day-in 
the US alone. 


The largest artery, the aorta, 
is about 1 /3 IN (3.5 cm) in 
diameter. That's as wide as a 


hose pipe. 


During puberty, boys can grow 


=, 
lose UP to 1.4 OZ (42 g) & *nbeminere 


In weight every hour. 


More people died during the flu pandemic 
at the end of World War | than were killed 
during the war. 


Common colds can be caused by one 
of more than 250 types of virus. 


A cough releases 
air at speeds up to 
60 mph (100 km/h). 


A single sneeze might contain 
up to 100,000 viruses. 


19*-century British surgeon 


Robert Liston could cut off 


alegin 28 seconds. 


Life expectancy at birth in Andorra is 
83.5 years—the highest in the world. 


The oldest person ever documented was French 
woman Jeanne Calment, who died in 1997 
aged 122 years and 164 days. 


You cannot sneeze with 


Children grow faster 
in spring. 

In a whole lifetime, 
a human passes 
12,000 gallons 
(45,000 liters) 

of urine. That's 
enough to fill a 
swimming pool. 
In your lifetime, you will 


drink about.18,500 gallons 
(70,000 liters) of water. 
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SCIENCE AND TECHNOLOGY 


92 
E L E M E N | S The Orion Nebula, a vast 
& cloud of gas and dust, is 
Everything in the world is made from elements—pure made mainly of hydrogen 


substances that cannot be broken down into anything 
simpler. Elements can be grouped according to 

the properties they have in common, such as their 
appearance, how they conduct electricity, and how ' 
they react with other substances. There are nine main 
groups and the element hydrogen, which is unique. 


; Magnesium is a silvery 
1. c substance that burns with 
- : a dazzling white flame 


Potassium is an alkali 
metal found in minerals 
in Earth’s crust 


3 ALKALI A LANTHANIDES 


NONMETALS 


METALS 


Sodium, contained in 
salt, is an alkali metal. 
These elements are 
characterized by their 
vigorous reaction with 
water. On contact, 
they will zoom all over 


the water's surface or 
even explode. Alkali 
metals are not found 
in a pure form in 
nature because they 
react so strongly 
with water. 


These soft, reactive 
metals were known 
as rare earths, because 
they were wrongly 
believed to occur only 
scarcely in nature. 
Silvery-white in 
appearance, they 
tarnish easily on 
contact with air. 
Holmium, the element 
with the greatest 
magnetic strength, 
is in this group. 


Around one-sixth 
of elements are 
nonmetals. They are 
poor conductors of 
electricity and met 
at low temperatures. 
Carbon, nitrogen, 
and oxygen are 
all examples of 
nonmetals, as are 
the halogens, a group 
of highly reactive 
elements that combine 
with other elements 
to form salts. 


5) Radioactive sign is used 
to show elements that 
emit radiation 


Gadolinium, 
like the other 
lanthanides, 
reacts easily 
with air 


6] The halogen 


bromine is a 
red-brown 
liquid at room 
temperature, 
but evaporates 
quickly to form 
) achoking, 

/ poisonous gas 


Tin is often made 
into alloys— 
mixing it with 
copper makes 
bronze, while 
combining it with 
lead forms pewter 


Y 


Tr esen 1 ELEMENTS. qpaueam 


C3 ) 


|. After hydrogen, 
helium is the 
lightest element, 
and is used to 
fill balloons 
and airships 
because it is 
lighter than air 


C9) 


Copper is a good 
conductor of heat 
| and electricity 


© 


Silicon is often 
used to make 
microchips for 
electronic devices 


10 SEMIMETALS 


These elements 
have some properties 
of metals and some 
of nonmetals. Arsenic, 
for example, is shiny 
like a metal, but not 
a good conductor. 
Some semimetals 
are semiconductors, 
behaving as conductors 


or insulators depending 
on what other 
substances are 

added to them. 
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MOLECULES 


An atom is the smallest possible particle of an 
element (a substance that consists of atoms of 
only one kind). Atoms often join in groups of two 
or more to form molecules. Atoms bond to create 


Oxygen atom 


< OXYGEN (0O,) 
Some elements can bond in 
several ways to form different 
substances. Atoms of the element 
oxygen (O) bond together in pairs to 


molecules by sharing or exchanging particles called form molecules of oxygen gas. High in 
electrons. Some molecules, called compounds, are the atmosphere, however, oxygen atoms 
made up of different elements. bond in threes to form the gas ozone. 


Oxygen atom Carbon 
> VITAMIN C (C,H,0O,) atom 

Like ethanol, vitamin C (ascorbic 4ydrogen 
acid) contains carbon (C), hydrogen (H), co 
and oxygen (O) atoms. However, because 
the molecule contains different quantities 
of the elements arranged in a different way 
it forms an entirely different substance—a 
compound that is solid at room temperature. 


____ Hydrogen atom 


a | Carbon 


atom 


Oxygen atom 


atom 

A ETHANOL (C,H;OH) Molecules of the gas methane contain four 
Ethanol is a compound with molecules hydrogen (H) atoms bonded to a carbon (C) 
containing two carbon (C) atoms, six atom. Compounds of carbon and hydrogen are 
Meee y ator and ae oxygen cohen called pple They include fuels, such as 

atom. At room temperature, it is a methane, oil, and coal, and artificial 
colorless liquid used as a disinfectant, “materials, such as polystyrene. i 
preservative, and the alcohol in drinks. 


a. Late? g <4 METHANE (CH,) 


Sodium and chlorine atoms 
always join up in the same 


way to form cubic crystals Chlorine atom 


Sodium atom 


< SALT (NACL) 

Table salt, or sodium chloride 
is made of equal numbers of 
sodium (Na) and chlorine (Cl) 
atoms. Salt does not form as 
small individual molecules 
containing one atom each of 
sodium and chlorine. Instead, 
many atoms of the two 
elements link to forma 

rigid lattice called a crystal. 


, 
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< WATER (H,0O) 

When two atoms of the gas hydrogen (H) 

bond with one atom of the gas oxygen (0), 

they form molecules of liquid water. Water 

is the most common compound on 
Earth and is essential for life. 


SULFUR (S,) 


Eight atoms of sulfur (S) 
bond together in a ring 
to form a sulfur molecule. 
Most nonmetal elements 
are gases at room 
temperature, but sulfur 

is a brittle, yellow solid. 


Oxygen atom 


| Hydrogen atom 


Nitrogen atom 


A AMMONIA (NH;) 
The colorless gas ammonia is made up of 
one nitrogen (N) atom bonded to three 
hydrogen (H) atoms. Plants get the nitrogen 
Hydrogen atom they need to grow from ammonia and other 
nitrogen compounds within the soil. 


Sulfur 
atom 


> DIAMOND (C) 


A diamond can be thought of as a single 
giant molecule. It is formed from atoms 
of carbon (C) bonded in a strong crystal 
lattice. However, if carbon atoms join 

in flat sheets of hexagonal tiles, 
they form graphite, a brittle 
substance used to make 
pencil leads. 


Carbon atom 


Except at the edges, 
each atom is linked 
firmly to four others 


Sticks are used to 
show the bonds 
between atoms 


Balls represent 
atoms in models 
of molecules 
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ACIDS AND BASES 


An acid is a substance that produces positively charged 
particles of hydrogen, called hydrogen ions, when dissolved 
in water. The more hydrogen ions an acid contains, the 
stronger the acid is. A base is the chemical opposite of an acid. 
Bases produce negatively charged particles in water, called 


A CITRIC ACID 


The sharp taste in citrus fruit 


hydroxide ions. The more hydroxide ions a base contains, 
the stronger it is. Bases that dissolve in water are called alkalis. 


Vv INDICATOR PAPER 

When a strip of indicator paper is 
dipped into a liquid, the paper 
changes color. The color can be 
compared to a pH scale to find out 
the acidity of the solution. pH 
stands for “potential of hydrogen,’ 
and measures how many hydrogen 
ions the solution contains. 


such as lemons and grapefruit is 

due to the citric acid they contain. 
Citric acid is often artificially added to 
manufactured foods and drinks to give 
a tangy sensation that tastes refreshing. 


< VINEGAR 


The sour taste of vinegar comes from the 
acetic acid it contains. Every step on 
the pH scale is 10 times less acidic 
than the previous step, so acetic.acid 
with a pH of 4 is 1,000 times less 
acidic than hydrochloric acid. 


/ 
/ 


< STINGER 
When a bee stings, 
it injects a mild‘acid 
into a person's flesh, 
which causes a stinging 
sensation. Washing the 
sting with alkaline soap 
may relieve the pain by 
neutralizing the acid. 


in water, has a pH of about 1. 
It is highly corrosive, capable \ 
of eating through metals. 


< HYDROCHLORIC ACID /® 
The lower the pH value, the stronger & 
the acid. Hydrochloric acid, created 

when hydrogen chloride gas dissolves 


< CHEMICAL HAZARD 
Strong acids and bases have 
to be stored in containers 
that will not be corroded by 
the chemical within. These 
containers are labeled with — 
chemical hazard symbols that 
show the potential dangers. 


like soap 


~~. is made when 


bacteria convert the ethanol 
in alcohol into acetic acid 


> LIQUID SOAP 


Soap is a weak base. It is 
made by combining a 
weak acid with a strong 
base, making it only 
mildly alkaline with a pH 
of about 8. An indicator 
paper dipped into liquid 
soap turns blue. 


< WATER 


Pure water is neither acid nor 
alkali, but neutral, with a pH of 
7. Rainwater is slightly acidic, 
with a pH of 5 to 6, while 
seawater is slightly alkaline, 
with a pH of between 8 and 9. 


All bases tend 
to feel slippery 
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Zé 


/ 


> CLEANING FLUID 


The strongest bases have a 
pH of 14 or more. Alkaline 
solutions with a high pH are 
used as cleaning materials as 
they dissolve fats. Cleaning 
fluids such as bleach and caustic 
soda have a pH of around 10. 


> LIMESTONE 


Calcium carbonate, or 
limestone, is a type of rock 
formed from the remains of 
dead sea creatures over 
millions of years. It is an 
important base, which is 
quarried and crushed to 
make fertilizers, paints, 
ceramics, and cement. 


The pH of tap water is usually between 5 ™"" 


6 and 8 depending on the gases and 
minerals that are dissolved in it 


Fg 


PA = ~ > HYDRANGEAS 


y ey, \% The hydrangea shrub produces different 
y tet a 3 colored flowers depending on the acidity 
of the soil. On acid soils, it produces blue 
flowers, on alkaline soils, it produces pink 
or purple flowers, and on neutral soils, 

it has creamy white blooms. 
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Chalk and vinegar 

fizzes vigorously as 

the acid breaks — 

down the chalk R E C T S 


The atoms within a molecule are held together with 
links called chemical bonds. In a chemical reaction, 
the bonds between a molecule’s atoms break, and the 
atoms bond in a different way to form new molecules. 
In some reactions, elements combine to create a 
compound. In others, compounds break down 
into elements or simpler compounds. All the 
atoms from the original substance exist in 
the changed substance, but in different places. 4 


Silver metal clings to Burning is a nonreversible 
the copper coil reaction—the wick cannot be 
remade from the ash and smoke 


The explosion caused by When chemicals in 
The energy produced when aire : ; 
f igniting thermite produces an apple's cells that 
sulfur and iron react causes . 
pret niairetotblow a temperature of around contain substances 
g 4,350°F (2,400°C) called phenols are 


exposed to the 
air, they oxidize 
and turn brown 


= 


Sp 


REACTION 
RATES 


The rate of a chemical 


] REACTION 2? DISPLACEMENT 


When vinegar On Ina displacement 
(acetic acid) and chalk 3 reaction, the metal 


(calcium carbonate) that forms part of a reaction is affected 

are mixed,a chemical | compound is removed by factors such as 
reaction takes place. ' and replaced by another temperature, pressure, 
The acidic vinegar metal. When a coil of light, surface area, and 
breaks down the chalk copper is dipped into a concentration. It is 

to release carbon and clear solution of silver possible to change . 
oxygen as bubbles nitrate, the copper the rate ofareaction _ 
of carbon dioxide. displaces the silver from by varying one of 

The starting materials the solution to forma these factors. For 

in a chemical reaction blue solution of copper example, increasing 

are called reactants. nitrate and needles of the concentration 

The materials that solid metal silver. of dye in a solution 

exist after are i 
ict : will dye the material 


more quickly. 
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’ 
REVERSIBLE rc ry 
A few reactions are reversible. The molecules created by At temperatures 
the reaction can be re-formed into the original materials. The / above 284°F ~ 
initial reaction is called the forward reaction and the reverse _ gain. 
' nitrogen dioxide 
is the backward reaction. Dinitrogen tetraoxide breaks down exists asa 
into nitrogen dioxide when heated, but reverts when cooled. brown gas owe! 


Oo - . 


If heated again, 
brown nitrogen 
dioxide re-forms 


B 


____ Concentrated dye 
contains more 
dye particles to 
collide with the cloth 


@ of 


As crystals of potassium permanganate begin 
to dissolve, purple trails spread through the 
water, until an even purple solution is formed 


At lower temperatures the nitrogen 
dioxide molecules pair up to make 
clear dinitrogen tetraoxide 


When a bread 
dough mixture is 
left ina warm 
place, carbon 
dioxide bubbles 
appear, making 
the bread rise 


a> 
4 
%.* <n 


6 APPLYING EXOTHERMIC 8 OXIDATION 9 SOLUTIONS 
HEAT Thermite is a Some chemical A solution is a 
When a mixture of mixture of aluminum reactions happen mixture in which 
yellow powder sulfur and iron oxide. When around us naturally. the molecules are 
and silver-gray iron it is ignited at a high One of the commonest mixed so evenly and 
filings is heated to a temperature there is reactions is oxidation— completely that it 
high temperature, an explosion, as the when substances gain seems like a single 
a chemical reaction chemical reaction oxygen. Oxidation substance. Ina 
takes place and iron produces a sudden is happening when solution, however, 
sulfide is formed. release of energy in metals rust, when ~ achemical reaction 
_ | Without heat, the the form of light, heat, wood burns, and has not taken place. 
| substances would not and noise. Reactions when we breathe. Neither the solute 
react with each other. that produce heat In all these reactions, (the substance being 
| Heat speeds up most are known as substances are dissolved) nor the 
reactions, and cold exothermic reactions. reacting with oxygen solvent (the substance 
from the air. that it is dissolved in) 


slows reactions down. 


have changed. 
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Kevlar is used to 
Mi A F - reinforce helmets, so 
that they are light 
, but very strong 
Almost everything around us is made from some 
sort of material. Each has different properties, such 
as strength or flexibility, which makes it useful for 
making particular products. Some materials, such 
as wool or stone, grow or occur naturally. Synthetic 


> KEVLAR 
A light, flexible, 

synthetic material, 
Kevlar is used for protective clothing, such 


materials are manufactured. Composite materials as bulletproof vests. Kevlar molecules are 
combine the properties of two or more materials arranged in long chains with strong bonds 
to achieve the best possible product. between them, which makes Kevlar five 


times stronger than steel. 


> SILK 
This. natural fiber is made from the 
cocoon of the silkworm. Each cocoon 
may produce 2 miles (3 km) of silk. 
Silk can be woven 
into an extremely 
fine fabric and is 
prized for its 
texture and its 
shiny appearance. 


< WOOL 


This natural material comes from 
the fleece of sheep. The structure 
of its fibers means wool has a 
tendency to shrink, so it is often 
mixed with synthetic fibers to 
make easy-care fabrics. 


Vv GLASS 


This transparent ceramic is made 
by fusing sand, limestone, and 
soda at high temperatures, or by 
recycling old glass. Molten glass 
can be shaped in many ways, 
such as into windows, lenses, 
and threads for optical fibers. 


ee 


Concrete is the main 
material used for 
modern buildings 


> CONCRETE 


Concrete is made by mixing sand, 
gravel, cement, and water. It is a 
liquid when freshly made, so it 
can be poured into a mold, where 
it sets to form an extremely hard 
and durable material. 


> CARBON 
COMPOSITES 


These materials are strong 
and light and can be turned 
into complex shapes, such as sports 
equipment. They are made from \ 

the carbon by-products of 
coal, oil, and natural gas. x 


Plastics can be < 
molded into almost ~ 
any shape or size 


Most metals are 


lleable and can b 
oe, without breaking < METAL 
When heated; metals can be shaped into 
anything from a paper clip to an aircraft. 
They are also good conductors of heat 
and suitable for carrying electricity. 


< PLASTIC 


This group of synthetic materials is 
made from petrochemicals. They are 
strong, light, cheap to make, and can 
be molded or shaped into flexible 

« sheets, films, or fibers. 


Re 
poe 
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vV NYLON 
Developed in 1938, nylon was the first 
synthetic fabric. It can be produced "Nylon rope lasts longer 
in extremely fine threads, is cheap ean OOS [na aeict 
‘ natural fibers \ 
to manufacture, and was first sy 


used as a replacement for silk 
in stockings and parachutes. 


) 


~ 


“ 


A CERAMIC 


Ceramic materials are 
made by heating different 
types of clay to a high 

: temperature. China, 
8 bricks, tiles, cement, and 
> glass are all ceramics. These 
materials are hard, brittle, 
and resistant to heat. 


> RUBBER 


Natural rubber is an 
elastic material made from 
latex, a milky fluid from 
the rubber tree. Synthetic 
rubber is made from 
petrochemicals. Rubber 
is used in tires and for 
waterproofing fabrics. 


V LYCRA 

Synthetic fabrics are 
designed to have better 
properties than natural 
materials, such as cotton. 
Lycra is a stretchy fabric 
that keeps its original 
shape, making it perfect 
for sports clothes. 


v WOOD 


Wood is a strong material 
compared to its weight 
and is a good building 
material. It is also used for 
furniture and art objects 
because of its attractive 
texture. It is referred to as 
hardwood or softwood, 
depending on the type 

of tree it comes from. 


____ Wood can be cut, 
a“ carved, and sanded 
into shape 


Cotton fibers are 

spun into threads 
and then woven 

into fabric 


Hand-carved granite 
makes a durable 


ees ee . 
kitchen tool 


~ 
——— 


A COTTON 


Cotton is a natural material produced from the 

long, flexible fibers in the fluffy seedpods of 
the.cotton plant. The fabric is soft, comfortable 
to wear, and there is no static buildup as there 
is with some synthetic fabrics. 


> STONE 


Stone is a natural material quarried from 
the ground. It is hard and heavy and can 
withstand great pressure. Stone may be 
cut using diamond saws or extremely 
"high-pressure jets of water. 


GRAVITY 


The force of gravity is a force 

of attraction that exists between 

all objects with mass, from 
microscopic atoms to stars and 
planets. On Harth, gravity can 

De seen when Objects fall to the 
sround, pulled by an invisible force. 
In'space, the force of gravity keeps 
the Moon in its orbit around the 
Earth, keeps planets in orbit around 
the stars, and holds huge clusters of 
stars together as galaxies. 
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NEWTON’S DISCOVERY 


An apple falling from a tree is 
said to have inspired English 
scientist Isaac Newton 
' (1642-1727) to explore 
the force of gravity. He 
developed a theory 
stating that every mass 
attracts every other 
mass by a force between 
both masses. The more 
massive an object is and 
the nearer it is, the greater 
its gravitational attraction. 


BIRTH OF A STAR 


A star is born inside a cloud of dust and gas in 
space called a nebula. The dust and gas begin 
to clump together, forming a core. The clump’s 
gravitational attraction increases as its mass 
increases, dragging in more and more matter. 
The center, or core, becomes so massive 
and dense that nuclear fusion begins, 

and the star begins to shine. 


MOON AND TIDES 
As the Moon orbits the Earth, 
its gravity tugs at the water in 
the oceans, making a mass of 
water bulge toward the Moon. 
The force of the Earth’s spin 
creates a matching bulge on 
the other side of the Earth. 

These bulges cause the regular 

rise and fall of the water level 

at the sea’s edge that we know 

as tides. 


MASS AND WEIGHT 


These are not the same. An object's mass is the 

amount of matter it contains. An object's weight is 
the force exerted on its mass by gravity. This means 
that on the Moon, where gravity is just one-sixth of 
Earth’s gravity, an astronaut will weigh one-sixth as much 
as he weighs on Earth, although his mass is the same. 
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ZERO GRAVITY. 


In orbit around Earth, astronauts become 
weightless and float around their spacecraft 
as if gravity did not exist. In fact, gravity is still 
pulling the astronauts and their spacecraft toward . 
Earth, but as the spacecraft travels forward, * 
it is also continually “falling” as it follows 
the curve of the Earth. The craft and 
astronauts are in a state of free-fall, 
but falling without ever reaching 
the ground. 


CENTER OF GRAVITY 
An object's center of gravity is the point at which it 
balances. An object with a low center of gravity is more 
stable—so a sports car is more stable than a double- 
decker bus. The secret to driving a car on two wheels is 
to ensure that the center of gravity remains above the 
wheels—any farther over and the car will tip over. 


EINSTEIN’S THEORY 
German-born scientist Albert Einstein 
(1879-1955) developed a theory of relativity 
to explain how gravity works in space. He 
compared space and time to a sheet of flexible 
rubber that everything in the universe rests on. 
Massive objects like stars make a big dip in the 
rubber. Less massive objects like planets fall into 
these large dips and so are trapped orbiting 
stars. The dips create the effect we call gravity. 


AIR BLACK HOLES 
RESISTANCE When a massive star dies, 
In a vacuum, 


its core may collapse. As it 
shrinks, the core becomes 
ever denser and forms a 
region of space called a black 
hole. The force of gravity 
in a black hole is so strong 
that anything entering it is 
swallowed up, including light. 
Although invisible, black holes 
can be identified by the effect 
their gravity has on everything 
around them. Material being sucked 
into the hole heats up, emitting X-rays 
that can be detected by X-ray telescopes. 


a 


gravity causes 
everything to fall 
at the same speed. 
‘ However, if an apple 
and a feather are dropped 
from the same height in the 
Earth’s atmosphere, the apple 
will fall faster. As they fall, objects 
are slowed down by air resistance, 
created by friction between the air 
and the object. The speed an object 
falls depends on the balance between 
gravity’s pull and the air’s resistance. 
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DYNAMICS 


Every object tends to resist any 
change in its speed or direction. 
This property is called inertia. An 
object’s motion is only changed 
when a force, such as a push or 
pull, is applied. A heavy, fast- 
moving object is described as 
having lots of momentum. The 
more momentum something has, 
the more difficult it is to stop. 

A moving object also possesses 
kinetic (movement) energy. The 
principles of dynamics, or how 
forces make things move, were 
explained by scientist Isaac Newton 
(1642-1722) in his 

three laws of motion. 


NEWTON’S FIRST LAW 

The first law states that an object will stay still or continue to 
move at the same speed and in the same direction unless a 
force acts upon it. When cars approach each other in a crash- 
test laboratory, they move forward steadily. The dummies 
inside each car are carried along at the same speed as the car. 


@ INERTIA 


If the dummy has no seatbelt, 
inertia will keep it moving 
forward at the same speed until it 
is stopped by part of the car that 
has been slowed down by the 
impact—such as the windshield. 


NEWTON’S SECOND LAW 


This states that when a force acts on an object, it makes 
the object change speed or direction. As the two cars 
collide, the front of each car exerts a force on the other 
car, slowing it down. The dummies inside are slowed 
down as they experience the force of the seatbelt. 


@ COLLISION 


When two cars collide, kinetic 
energy is converted to other 
forms of energy, such as heat 
and sound, as the fronts of the 
cars crumple. This is called 

an inelastic collision. 


NEWTON’S THIRD LAW 


The third law of motion says that when a force acts 
on an object, the object reacts by pulling or pushing 
back with equal force, but in the opposite direction. 
So, it is impossible for one car to push on the other 
without experiencing a push back with equal force. 


ms t Hh 


© MOMENTUM 


If a heavy truck collides 

with a car, the lorry’s greater 
momentum pushes the car 
along for some distance, but 
cars of equal weight and speed 
are halted, as their equal but 
opposite momenta cancel out. 
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«Electricity is generated A current only flows if it All conductors have a + Materials with electrons that 
when coils of wire are has a circuit to travel around. _ certain resistance to the cannot move are unable to 
rotated in a magnetic Acurrentneedsaconductor flowofanelectric current. conduct electricity and are 
field. This forces electrons to flow through, something to Whenaconductor resists known as insulators. Electric 
along the wire to form power, and, usually,anenergy the current, the electrical —_ wire is insulated with plastic 
an electric current. source to drive the current. energy is turned into heat. or rubber. 


«In power plants, the force to 
rotate the coils is provided by 
water power (hydroelectricity), 
or by steam heated by oil, 
coal, gas, or the process of 

nuclear fission. 


ELECTRICITY 


From running a home computer to lighting 

up the world’s cities at night, electricity 

powers almost-everything that we use. 

Electricity is One of the most useful forms of 

energy because it can be readily converted 

into other types of energy such as light, ae @ 
heat, or movement. Electricity results from nee 
the behavior of tiny particles, called 1 ae 
electrons, each of which possesses Syd 
an electric charge. When an electric 
charge builds up in one place it 
is.called static electricity. If the 
charge flows from place 

to place it is known as 

current electricity. 3) 


ANTARCTICA 
Electricity here is 
provided by diesel- 
powered generators 
at each research base. 
As the windiest place 
on Earth, some bases 
have begun to install 


windmills to generate 
additional electricity. 


I, ELECTRICITY agg 


* Electricity leaves power 
plants through metal 
cables on tall pylons. The 
power is sent out ata 
much higher voltage than 
is used in most homes. 


¢ Before arriving ina city, 
the voltage is reduced 
by a transformer at 
a substation. It then 
travels across the city in 
cables under the streets. 


«ln some earthquake-prone 
cities, such as Tokyo, Japan, 
electricity is carried in 


~ overhead cables. Underground 


cables would be too prone 
to earthquake damage. 


Gee 


EUROPE 


Many European 
countries now rely 
on nuclear power 
for electricity. France 
leads the way, with 
78 percent of its 


electricity coming 
from nuclear power. 


AFRICA 


Only 10 percent 
of Africa's population 
have a regular supply 
of electricity. Instead, 
millions of people 
gather wood and 
dung to burn for 
cooking and heating. 


ASIA 

China is the 
second largest 
consumer of oil, and 
the country relies on 
hydroelectric power 
from the Three 
Gorges Dam project 
as an alternative 
energy source. 


¢The human body is full of 
electricity. The 100 billion 
nerve cells in each person's 
brain work by sending 
messages in bursts of 
electricity (impulses). 


«A flash of lightning is a 
giant spark of electricity 
driven by static electricity 
(charge) that builds up 
inside a cloud froma 
collision of ice crystals 
and water droplets. 


* Static electricity also occurs 
when you comb your hair 
or take off a synthetic 
sweater. It is caused by two 
things rubbing together 
and creating a charge. 


NIGHT LIGHT 

This image was compiled 
from pictures taken by a 
military weather satellite. 
It shows how light from 
the world's cities is visible 
from space. 


AUSTRALIA 


Energy consumption 
in Australia is dominated 
by coal, which fuels 
most of the country’s 
electricity. The majority 
is mined in Queensland 
and New South Wales. 
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ELECTROMAGNETIC SPECTRUM 


Energy spreads in waves of electromagnetic radiation, like the ripples on a pond. It travels 
through space at the speed of light, around 185,000 miles/sec (300,000 km/sec). Although 
energy always travels through space at the same speed, its wavelength (the distance 

between any two peaks or troughs of the waves) can vary. Short waves, such as X-rays, 

carry high amounts of energy that can penetrate the human body, while longer, 


lower energy waves, such as light, cannot. Aside from visible light, . 
all electromagnetic waves are invisible. Together, these 
waves make up a continuous band of energy \st Le yicht 


known as the electromagnetic spectrum. 


WAVELENGTHS 
The difference 
between wavelengths 
at either end of the 
electromagnetic 
spectrum is immense. 
The wavelength of 
gamma rays is only 
a fraction of the size 
of an atom, while 
radio waves at the | 
opposite end of | 
the spectrum can 7. 
be thousands of j 
miles long. i 
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VIOLET S. ie 
Light at the violet end 
of the visible spectrum 
‘has a shorter wavelength 
and higher frequency 
than light at the red end 
of the spectrum. 


SYMBOLISM 


We use colors as symbols to 
represent different ideas in culture 
and religion. However, the meaning 
of colors may vary. For example, 

in some cultures brides wear red, 
whereas in others they wear white. 


é Gifts of money are 
ey Mo. = given in red packets = 


ey ee , § We see different waveleng 
ah because red is the ae of light as different colors. 
color of luck pr, 


The surfaces of objects absorb 
some wavelengths and reflect 
i | “i others. A white object looks 
BS, &. | white because it reflects all 
‘ | Ag vyhite Decause it reflects a 
eS Ae 


4 oe ~ay = 2 | the wavelengths that fall on 
lee y. > AO , it. A black object absorbs all 


the wavelengths, so it 
* appears dark. 


7 Red food | 
. packaging is 
oo believed to 
cause feelings 
. of hunger 
COMPLEMENTARY COLORS 


If the colors of the spectrum are arranged 
in order on a color wheel, colors located 
fon opposite each other, such as orange spot in the distance eS = %, 
‘W2> 7 and blue, are called complementary REAL COLORS % 
colors. When complementary colors are ( ; : 4 
presented side by side, they > The light from most objects is 


Yellow New York 
taxis are easy to 


y 


y Epbestarthel brightest , made up of a range of wavelengths. 
<4 ’ An object that looks yellow might 
‘ \ 4 reflect 80 percent of the light at 
— we SC nel the yellow wavelength, but also 
= ihe <a gE fr smaller amounts of other color 
} ’ : f 


. / ps “ee } wavelengths. 


oO hh 


y, 


COLOR BLINDNESS 


Our ability to detect colors depends 
on cells on the eye's retina, which are 
sensitive to specific wavelengths of light. 
The cells that detect certain parts of the 
spectrum are missing or inactive in 
a color-blind,person. 


— 


INTENSITY 
On a sunny day, things appear 
colorful because our eyes can see 
differences in the wavelengths 

of light. On a dark day, less light 
enters the eyes, so we cannot 

“a ‘ a a ee distinguish wavelengths as 
Peyellow object absorbs ey > OO, easily and colors look dull. 

the wavelengths except —s W. Ww ) 


= yellow, which it reflects hs EC oS E 
Back to our eyes. The band oe $2 & | a ee 
rae & ee ome 


of visible colors that make 


Stee ¢ ~~ i a4 
up light is known as the x é é 4 ~~ S ‘ b< 4 
‘spectrum. Each shade blends “ie | - < =~ - 


nex 


SPLITTING WHITE LIGHT 


When white light passes through a Green plants 
block of glass called a prism, different contain a green 
wavelengths refract (bend) different pigment called 
amounts, so the light splits showing chlaroniy! 
the colors of the spectrum. When 
light passes through raindrops 
this effect creates a rainbow. 
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MACHINES 


Simple machines make it easier for people to perform tasks, such as lifting 
or pulling, which would be difficult to do with muscle strength alone. 
There are six types of simple machines: the wheel, the screw, the lever, the 
pulley, the inclined plane, and the wedge. These machines change a force 
into a bigger or smaller force, or alter the direction in which a force acts. 
The most basic tools, such as crowbars or shovels, are simple machines. 


As the screw 


turns, the longer . e 
end of the lever 


is forced down 


=, 
ra Pivot 
7“ 


2 


The spiral thread on a screw changes 4 
a turning force into a much stronger up 
or down force. The screw has to be turned ’ 
many times to create just a small up or > 
down movement. 
— 


As the large gear 
wheel moves, it 
turns the screw 


LEVER , ——— 


Most levers magnify the force : a : 
applied to them, making it easier to 2S ae Se ESM B49 
move a load. A lever turns around a Be ES Oe. tat 
fixed point called a pivot. The farther Atti 
from the pivot the force is applied, 


the easier it is to move the load. - 
The rope 
pulls the cart up 
to the highest 
point on the 
PULLEY hes inclined plane 
A pulley is a rope looped around or 4 : 
a wheel to make a load easier to lift ee 
er to ji Seay smaller gear 
or move. The more ropes and wheels wheel turns the 
are used, the less force is needed to larger wheel, 
lift the load, but the farther the rope ne: 
in the rope 


has to be pulled. 


5 INCLINED PLANE 


This is a flat surface with 
ends at different heights. 


Moving an object up an 
inclined plane reduces the 
amount of force needed to 
lift it up, but increases the 
distance it has to travel. 


The lever rises, 
pushing overa 
second lever with 
a wedge attached 


COMPOUND MACHINE 


A device that operates using a 
combination of simple machines, 
like the one shown here, is called a 
compound machine. Human force is 
applied only once—to turn the gear 
wheel. Each simple machine applies 
a force to the next machine until 

_ the tomato is sliced in two. 


WEDGE 


This triangular object is used 


as a blade to split something 
or, inserted under an object, 
to lift it. As a downward force 
is exerted on the wedge, its 
widening shape produces a 
sideways force on the object. 


The second lever falls, 
bringing the wedge 
down onto the tomato 


The downward 
motion of the 
wedge splits 
the tomato 

in two 


rning motion of the 
1s is converted into 
‘motion, moving 

t up the slope 
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ROBOTS 


A robot is a machine that appears to think and act for 
itself. The simplest type of robot is a mechanical toy, or 
automaton, which has been programmed to perform 
a series of actions that usually have no real function. 
Some robots are remote-controlled devices, guided 
at a distance by a human operator. The most complex 
robots have artificial intelligence—an ability to make 
decisions for themselves, solve problems, and learn. A SURGEON ROBOT 
Surgical robots, such as da Vinci, can insert 
minute instruments and a viewer called an 


The ASIMO robot VY HUMANOIDS endoscope into an incision less than a half 
uses a camera in : . F 
leethead to detect Few robots look like the humanoid robots, inch (1 cm) wide. The surgeon studies the 


operation site on a screen and moves 


obstacles in its path “be 
the robot's instruments by remote control. 


or androids, of science fiction. Making 
a machine that can balance and 
move on two legs over a variety 
of surfaces is a technical 
challenge, and not necessary Mitsubishi's seabream fish 
: mimics the energy-efficient 
for most functions we need 


motion of a real fish 
robots to perform. 


A ANIMAL ROBOTS 


WwW 
(45 Robots that imitate the way different 
? . 4*- i 
J Z Rimecic decors types of animals move and behave 
: to respond to people are vital steps in the development 
by changing its of ranges of movement that 
facial expressions may be needed in robots 


of the future. 


This Transformer is a 
humanoid robot toy 
that can be converted 
into a truck 


ASIMO, created by sen] 
~ Japanese motor 

_. manufacturer 
Honda, can climb 

up and down stairs ____ 


Spinybot Il has spiny 
feet to grip onto walls, 
imitating the actions 
of climbing insects 


Sony's 
‘compl a 
/ that makes tp ve 
/ and behave like a dog 


/ 


> INDUSTRIAL ARMS 


Most industrial robots are computer-controlled 
mechanical arms. They do jobs that would be 
difficult or dangerous for humans, or jobs that 
require constant repeated actions. A robot can 
do all these jobs more quickly or accurately 
than a human—and without needing to rest. 


> HELP AT HOME 


Although no one yet has an 
android servant doing all the 
domestic chores, some robots 
are at work in homes, performing 


A SPACE TRAVELERS repetitive jobs such as vacuuming 
In space, robot spacecraft and surface floors and mowing lawns. These 
vehicles called rovers are sent to explore robots are programmed to 
places that are too dangerous to send avoid hazards in their paths. 


human astronauts. The movements of these 
robots are preprogrammed or directed from 
Earth, though the rovers also use camera 

data to avoid obstacles. 


v EXPLORERS 


Robot explorers are sent to investigate 

places on Earth where no human could 

survive. These robots work in searing P MILITARY ROBOTS 

temperatures inside volcanoes, under Robot vehicles are useful in warfare 
because they can enter dangerous 


extreme pressure deep in gta sais 
f the ocean, and in highly situations without risking lives. Robot 
é radioactive or toxic sites. devices conduct surveillance over 
enemy land and can find and dispose 
of bombs and landmines while the 


iRobots’s CoWorker Office operator remains at a safe distance. 
robot takes pictures with a 
camera on its rotating neck 


it to crass uneven 
5 \ surfates to investigate 

i hazardous situations, gfe ° 
with an onboard camera 


The task of welding 
in a car factory is 
carried out by robots 


The Roomba Intelligent 
FloorVac has sensors to 


plot its vacuuming route 


HOBO (Hazardous 
Ordnance Bomb 
Operator) carries 

equipment to diffuse 
an explosive device 
or explode it safely 


é 
ih} ~ 
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Vv BYAIR 


To travel through the air, aircraft must 
T AT ! O N overcome the force of gravity, which pulls 
T R A N S Pr them toward the ground. They achieve 


; rotors, which produce an upward force 
: . anes, trains, : Se ite 
Waa & ithout the planes, called lift as they pass through the air. 
impossible to imagine life w ie 


sh > =) e OC 1s 
y y 1acn “ ‘ 


As the rotor 
- the :y 
through the air, and under or over the wate neh paisa 


they generate i : ai ‘ 

lift to pull the fh 
helicopter 

upward 


Vv BY ROAD wheels 
Most road vehicles have an internal-combustion €ngine that burns 
fuel to make the Power that turns the wheels. In a car, the engine is sik ae 
Usually in the front and drives either the front or the back wheels. saghe oe 
6 < e up- -aow \ 
In a motorcycle, the engine is placed between the two wheels. ieee plane ee 
Curved shape reduces the ee 
effect of air resistance SS : 


Front landing 


F Rudder flap on 

di R8 2008 
be hy the back of the 
tail fin balances 


Hinged surfaces, 
plane as it turns 


called ailerons, 
CMS tilt the plane J 
ies Y\/1-= — TINY) to make it turn 


Air entering Steering whee! Rubber tires are 
through the is connected to reinforced with nylon, 
radiator grille rods that turn rayon, or steel to 
helps to cool the front wheels strengthen them 

the engine 


Arm, called a Pantograph, 
Picks up electric power 
Suspension springs E 


Handlebars turn the 
front wheel to steer 
2% the motorcycle 


Front wheel is 
held between 
two metal arms, 
called forks 


from overhead cables 
soften the impact of 


bumps when driving 
Over rough surfaces 


. 


TGV A325 


— 


Yamaha V-Max 
Wheels are made 


from steel or an 
alloy of steel or 


Engine drives 


Waste gases from | 
the rear wheel 


the engine are 


Trucks have four 


Or more wheels, 
of the motorcycle Pushed out through | ae shock-absorbers 
magnesium the exhaust pipe lf ° give a smooth ride 


ees a So aennanaarnssunon ESO. Si 


Tail rotor stops 
the body of the 
helicopter from 
spinning around 


UH-60 
BlackHawk 


Tail plane keeps 
the helicopter 


stable as it flies 


, Jet engines push out a stream 
(of fast moving air behind them 
to thrust the plane forward 


Fuselage has 
Capacity for 


365 Passengers 
ew Wings with a span Vv BY RAIL 
f215 ft F 

ae A Trains cay large 

large plane cargoes of people 

Or goods and, as a 

result, are much 

more fuel-efficient 

—_— : and produce less 
ollution than cars and trucks. The fastest trains, such as France's 
GV, have electric motors, but most trains are powered by diesel 
omotive (powered 


vehicle) at the front, but can have 


: engines. Trains can be pulled by one loc 
4 two or even more, 
3 


Driver's cab is equipped 
with computerized controls 


A streamlined shape 
reduces air resistance— 
the TGV can reach 
speeds of more than 
300 mph (500 km/h) 
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4 
i) h ae 
/ \D 
/ \ oo 
Sai \ ron 
S ro) 
Wip o/ wh the / \ 
Ih) / 
Its Vy, | 
Arve 5 Wer 1 Vaess Mu 
Oat 
| 
<— | 
a, 
ye 


eS zs7 ean Fin-shaped keel helps 
to stabilize the yacht 
in the water 


Propeller, driven by an 
engine, can be used on 
windless days 


' Rudder is used 


to steer the boat 
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SCIENTISTS 3 LUIGI GALVANI 


italian scientist Galvani (1737-98) studied 
Scientists study the universe in order to find the role of electrical impulses in animal tissue 
out how and why things happen. There are by experimenting on frogs. Although his 
p : eh as theory that the electricity was coming from 
many different branches of science, such as nie 
: h : ad " Roi aripiel the animal tissue was wrong, his discoveries 
physics, chemistry, an 1 astronomy. Scientists lead to the kn@niion sofia berate oe 
make careful observations of the phenomena PORIPOE PEGS 
they are studying. They construct possible 
explanations for their observations, known as 
theories or hypotheses. Then they experiment 
to test whether their theories are accurate. 4 


] SIR ISAAC NEWTON 
English physicist and mathematician Newton 
(1642-1727) proposed the laws of motion that 
explain how forces move objects, and went on 
to devise a theory of gravity. Newton also studied 
optics, the science of light, and explained how 
white light is made up of many colors. 


2 MARIE CURIE 


Marie Curie (1867-1934) was born in Poland, 
but carried out her investigations into radioactivity 
in Paris with her French husband, Pierre. She 
discovered the elements (substances) polonium 
and radium in 1898 and won two Nobel Prizes. 
Marie Curie died of leukaemia, probably due 
to long exposure to radiation. 


In 1610, Galileo improved the 

newly invented telescope and 
used it to discover Jupiter's mo 
lo, Europa, Ganymede, and 


Pascal’s mechanical 
calculator could only add up, 
and was not very accurate 


The Bunsen burner, an 
adjustable gas burner used in 
science experiments, is named 
after German scientist Robert 
Bunsen (1811-99) 


The unit of electric current 
known as ampére or amp 
is named after French 
scientist André Marie 
Ampére (1775-1836) 


BLAISE PASCAL 


Frenchman Pascal (1623-62) explored many 
practical applications of science and mathematics. 
He invented a mechanical calculator, a device 
made up of dials and gears, as well as a type 
of syringe. He also did experiments with 
air pressure. 


Copernicus 
used an 
armillary sphere 
like this 

to demonstrate 
his theory that 
the Sun is at the . 
center of the 
‘solar system 


DNA fingerprinting 
reveals a broken 
pattern which 
varies between 


The voltaic pile was 
constructed from a pile 
of metal and brine- 
soaked cardboard disks 
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7 GALILEO 


Italian astronomer and mathematician, 
Galileo (1564-1642) was the first person to use 
a telescope for studying the sky. He discovered 
the four largest satellites of Jupiter, today known 
as the Galilean moons. 


COPERNICUS 


Polish astronomer Copernicus (1473-1543) 
is considered to be the founder of modern 
astronomy. His studies of the orbits of the planets 
revealed that the Sun is at the center of the solar 
system. At the time, the predominant view was 
that the Earth was the center of the universe. 


ALESSANDRO VOLTA 

In 1800, research into electric currents led 
Italian physicist Volta (1745-1827) to invent the 
battery. Volta’s battery, or “voltaic pile” was the first 
reliable means of producing an electric current, 
and so made it easier to perform further 
experiments with electricity. 


10 BENJAMIN FRANKLIN 


US statesman, writer, and scientist Franklin 
(1706-90) conducted research into electricity. 
He proved that lightning is an electrical current 
and suggested the use of lightning conductors 
to protect buildings from lightning strikes. 


Franklin proposed that a kite 
flown in a thunderstorm 
would become electrically 
charged, proving that 
lightning was electricity 


individuals 
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QUICK QUIZ 


What can you remember about Science and Technology? 
Jot down your answers, then check them on pp.296-97. 


) Magnesium isa silvery 2) The hydrangea shrub ® Helmets need 
alkaline-earth metal. If in your yard has blue be light but 
you burn it, what color flowers. What does this to be IG u 
would the flame be? tell you about the soil? very strong. 
© Yellow @ It is acidic Oe. eee ate 
© White © It is poisonous Which material is 
@ Blue @ It is neutral commonly used 
© Fed @ It is alkaline 


to reinforce them? 


4) If you are stung by a bee, you may 
be advised to wash the sting with an 


alkaline soap. How does it help? ®& When two oxygen (O) atoms bond 
@ Alkali neutralizes the acid injected together, they form molecules of 
ee oxygen (0,) gas. Which gas forms when 


© Washing distracts you from the pain 
@ It stops the bee from stinging you again three oxygen atoms bond together? 


© Washing kills any germs that may 
infect the wound 
@ What does a radar system & What color 


© Why did the apple you cut ns ie De Sere ae is water? 
in the morning turn brown planes navigate: 


by the evening? © Radio waves © Colorless 
© Ultraviolet rays © Pale blue 
@ Gamma rays @ Sea green 
© Microwaves © Gray 
9 If you bring two magnets together 9 Which Polish scientist is known as the 
and they repel each other, what founder of modern astronomy? 


does it indicate? 


© Youare bringing like poles together 

© Youare bringing opposite poles together 
© One of them is not a magnet 
© The magnets are dirty 


¢ 


Why is helium used 
to fill balloons? 

@ |t smells nice 

© it prevents the balloon 
from bursting 

@ Itis heavy and prevents the 
balloon from floating away 


@ tis lighter than air, sd the 
balloon floats upward 


@® What can you find 
in the fuselage of 
an airplane? 

© Fuel 

© Passengers 

@ Spare wheels 

© Poisonous gases 


@ How can scientists spot a black hole? 
© By observing the light, which can be 
seen getting sucked into the black hole 


© By using an X-ray telescope to detect 
the X-rays the black hole emits 

© With naked eyes; any exceptionally 
dark area in the night sky is a black hole 

© It is impossible to detect a black hole 


“9 A silkworm’s cocoon is made of a single 
continuous thread of raw silk. How long is it? 


® 0.6 miles (1 km) @ 2 miles (3 km) 
© 1.2 miles (2 km) © 3 miles (5 km) 


9 If you see the following 
symbol on a container, 
what does it tell you about 
the substance inside? 


@® On the Moon, an object 
weighs one-sixth as much 
as it weighs on Earth. If 
John weighs 132 lb (60 kg) 
on Earth, how much will 
he weigh on the Moon? 
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wp Match the molecules to 
the elements: 


@ @ sulfur 
2] © Ammonia 
@ Methane 


g- 


© Water 


QW Which color food 
packaging is thought to 
make you feel hungry? 

@ Red 

© White 

@ Blue 

© Yellow 


a9 What is said to have inspired Isaac 
Newton to explore the force of gravity? 

@® The ebb and flow of ocean tides 

© Watching a Moon landing 

@ Anapple falling from a tree 

© the first balloon flight 
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FAST FACTS 


Atoms are mostly made of empty space. 
/f the nucleus were a fly in the middle of 
a football field, the electrons would be . 
like dust particles flying around in 


The smallest particle scientists have 
found is the quark, which is less 
than 0.000000000000000001 m 
across. It is so small that no one 


osmium, weighs 
around 875 sce. 13.07 oz/in? (22.61 g/cm’). 
The smallest Standard International 
(SI) unit of weight is the yoctogram, 
which was added to weigh subatomic 
particles. The largest unit, the 
yottagram, is used to weigh stars 
and planets—Earth weighs in at 
6,000 yottagrams. 


The most powerful laser is 10 sextillion 
times brighter than sunshine. 


Thomas Babbage came up with his 
idea for a computer when he was just 
19 years old. 


A jiffy is a unit of time equal 
to one hundredth of a second. 


Tungsten has the highest 
melting point of any metal. 
It remains a solid until 

the temperature reaches 
6,192°F (3,422°C), when it 
finally melts. 


The official 1 kg weight is a cylinder 
made in 1899 from platinum and 
iridium, which is kept in Sévres, near 
Paris, France. 


The supercomputer Blue Gene/L 
operates at a speed of 596 
teraflops—that's 596 trillion 
calculations per second. 


There are six kinds of 
quarks, which scientists 
have named up, down, 
© top, bottom, charm, 

U and strange. 


Acid rain caused by industrial pollution 
was first noticed in the Midlands, UK, in 


the 19th century. 


ogle processes more than 1 billion searches every day. 


One byte in a computer's memory is made up of 
eight bits. A group of four bits is called a nibble. 


With the help of computers, more 
recorded data has been produced in the 
last three years than in all of previous 
recorded history. 


Hydrogen is the lightest, simplest, and 
by far the most common element in 
the Universe—93 percent of all atoms 
are hydrogen atoms. 


Airships float because 
they are filled with 


has seen one, and we only know the stands. helium, d Gas 

it is there because of its effect on The internet ; 

things around it. A proton is 1,836 domain name that is Many 
times heavier business.com times lighter 
than an electron. was bought by Marc 3 

nhs Ze ro Ostrofsky in 1999 for than air. 

was first used in India The densest element, $7.5 million. 


At atmospheric pressure, 
carbon dioxide turns from 
a solid into a gas, without melting, 
at -108°F (-78°C). 


When a gas condenses into a 
liquid, it takes up, on average 


1,300 


times less space. 


The metal lithium is so light that it 
floats on water. 


Diamonds are formed from 
carbon that is compressed 
90 miles (150 km) below 
the Earth’s surface. 


The study of large numbers is called googology. 


Pure water has a neutral pH of 7, 
but rainwater is acidic, with a pH 
of 6 or less. 


The first email was sent 

by American Ray Tomlinson 
in 1971. The message was 
sent from one computer 

to another right next to it. 
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A 


There is the same amount of 
water on Earth now as there 
was 2 billion years ago. 


Sound can damage your hearing at 

90 decibels (dB), the volume of very heavy 
traffic. It starts to become painful when it 
exceeds 130 dB, a plane taking off. 


Noise is a mixture of different 
frequencies of sound. Musical 
notes have one dominant 
frequency. Middle C has 

a frequency of 256 hertz. 


The scale used to measure light intensity 
uses a unit called a candela. It was 
originally based on the amount of 

light given out by a candle. A flash 

of lightning gives off 7.5 million 
candelas per sq ft (80 million per sq m). 


In a vacuum, light 
travels at a speed of 


983,571,056 ft 


(299,792,458 m) per second. 


Ona sunny day, 1,000 trillion photons 
(light particles) hit an area the size of a 
pinhead every second. 


A norma! lightbulb turns just 
five percent of the electrical energy 
it is powered by into light. 


_ Red is the longest 
visible wavelength 
of light at about 
0.7 micrometers. 


Blue light travels farther 

through water than colors 

with a longer wavelength, 

such as red or green. This is why 
everything looks blue under water. 


There are 
5,000 robots in 
the US military. They 
carry out dangerous 

work such as bomb 
disposal. 


Ultrasound scans use high-frequency 
sound at around 10 million hertz to 
give an image of a baby in the womb. 


X-ray 


technology has shown that 

there are three different versions of 
Leonardo da Vinci's Mona Lisa under 
the visible one. 


Mercury is the only metal that 
is liquid at room temperature. 


Two-thirds of the water used in the 
home is used in the bathroom. 


It is not safe to skate 
on ice until it is at least 
5 in (13 cm) thick. 


More than two-thirds of the 
energy stored in fossil fuels 
is lost when those fuels are 
burned in power plants to 
make electricity. Most of 

the energy is lost as heat. 


A plane’s flight data recorder, 

or black box, is actually bright 
orange so that it is easy to spot 
after a crash. It can withstand 
temperatures of more than 
2,000°F (1,000°C). 


The first ever robot was 
probably built in ancient Greece 
by Archytas of Tarentum 2,500 
years ago. It was a mechanical 
bird powered by steam. 


Maglev trains are powered by strong 
magnets. The first commercial Maglev 
train line is in Shanghai, China. It covers 
the 19 miles (30.5 km) from the airport to 
the city center in just 7 minutes 20 seconds, 
reaching a top speed of 268 mph (431 km/h). 


The world’s largest airliner, the Airbus 
A380“Superjumbo,’ can carry up 
to 853 passengers. 


The maximum speed 
(terminal velocity) of 
a skydiver, if they 
pull their limbs in, is 
200 mph (320 km/h). 


The pocket calculator 
was invented in 1966 
by Texas Instruments. 


Wilhelm Conrad Roentgen 
won the first Nobel Prize 


for physics in 1901 for his 


discovery of X-rays. 


The world’s smallest guitar is 
just 10 millionths of a meter 
long. It was made by Cornell 
University and produces notes 
17 octaves higher thana 
normal guitar. 

English scientist Sir 
Isaac Newton's dog 
Diamond knocked 
over a candle and 
started a fire that 
destroyed 20 years 


worth of his work. 


The first instant camera was 
made by Polaroid in 1948. 


Newton was one of the 
greatest scientists in 
history. He also invented 
the cat flap. 


- 


Any Rubik’s Cube can be solved in &© moves or fewer. 
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GALAXIES 


A galaxy is a vast group of stars held together by 
eravity—it is estimated that there are 100-125 billion 
in the universe. They are not scattered randomly but 
exist in clusters, vast distances apart. All the galaxies 
together take up just two millionths of space. 


SIZE 


Galaxies are huge. The largest are more than a million 
light-years across (one light-year is the distance that light 
travels in a year). The smallest, called dwarf galaxies, are 
a few thousand light-years wide. Andromeda measures 
250,000 light-years from side to side. 


3 SPIRAL ARMS A DUST LANES 


Stars exist throughout a Dense clouds and 
spiral galaxy’s disk. The arms i lanes of dust within 
stand out because they are the galaxy’s disk hide 
full of very bright young stars. stars from view. 


CORE coe 
___ The core of a spiral galaxy typically consists of 
old red and yellow stars, with a supermassive black 


hole in its center. Andromeda’s a hole i is aS Massive 
as 30 million Suns. 


4 ANDROMEDA GALAXY 
Andromeda is one of the closest 
galaxies to our own, the Milky Way. 

It is a spiral galaxy 2.9 million light- 
years away from us—the most distant 
object that can be seen by the naked 
eye from Earth. 


6 ORBITING STARS 7 DWARF GALAXY 
Galaxies do not behave like solid objects. Each star follows its M110 is one of the dwarf 
own orbit around the center of the galaxy. Stars in a spiral galaxy elliptical galaxies that orbit 
typically take a few hundred million years to make an orbit. Those Andromeda. It is held in its 
farther away take longer than those closest to the core. orbit by Andromeda’s gravity. 


VSTARBIRTH | Bs Vv MIDLIFE STARS 


Most stars glow steadily for most of their 
lives. During this stage they are known as 
main sequence stars—the Sun is one. 
Planets orbit around some stars; others, 
such as Fomalhaut, have disks of dusty 
material that may form planets. 


Stars are formed inside vast 
clouds of hydrogen gas, 
such as the Eagle Nebula. 

A small fragment of cloud 
collapses under gravity. 

It becomes increasingly 
squashed and eventually 
forms a spinning ball of gas 
termed a protostar—the 
first sign of a new star. 


Fomalhaut 


Detail of the Eagle Nebula 


i ©) Sirius, the brightest star 
/ ') in Earth's night sky 


¥ 


_Trapezium cluster 


Jewel Box cluster 


is produced, and the star shines. 
Stars born at the same time and 


Stars are huge spinning balls of hot, luminous gas. Each from the same region of cloud 
one is unique because stars differ in color, temperature, exist as a cluster. Some clusters, 
size, brightness, and mass. Over time, characteristics change like the two shown here, remain 
and the star evolves from one stage of star life to another. papanaie Specs US 
The key to a star’s life is its mass—the amount of gas it is Se cece 
made from. Mass determines the star’s life span, as well 

as its other characteristics and how these change. 


Cat's Eye Nebula, with a white 
Helix Nebula dwarf visible at its center 


petelgeuse: 4 red 
supergiant 


A DYING STARS 
When a star with a mass of up to eight times that " 

of the Sun runs out of hydrogen, it swells up, cools, 

and becomes.a red giant or supergiant. Eventually, the 

giant star ejects its outer layers and becomes a planetary 

nebula. The ejected gas slowly disperses, leaving behind 

a white dwarf—the cool, dim remains of the original star. 


i} 


Red supergiant 


surrounded by V838 Monocerotis 


a cloud of dust and gas 


Ejected material from 
Eta Carinae, an old 
star expected to 

"go supernova 

at any time | 


expands into space. Inside, the 
core of the exploding star can 
become a pulsar (a very dense, 
rapidly rotating star) or a black 
hole (where the core collapses 
in on itself under gravity until it 


is a hole in space). The material 
dispersed into space forms 
clouds, which in turn can 


give birth to new stars. Crab Pulsar Crab Nebula, a supernova remnant 


CONSTELLATIONS — 


Stargazers have always looked for patterns in 
the night sky, using imaginary lines to link 
stars and form the shape of a creature or 
object. Known as constellations, these patterns 
help us navigate the sky. The first of them were 
used about 4,000 years ago. Today, Earth’s sky 
is divided into 88 constellations. Just over 

half are characters from ancient Greek 
mythology, such as Orion and Taurus. 


GEMINI 


The two brightest stars in Gemini mark the heads 
of the mythological twins Castor (right) and Pollux 
(left). Castor’s head is in fact six stars, and Pollux’s is 
an orange-colored giant star. 


TAURUS 


The head of Taurus the bull is drawn around 
the Hyades, a V-shaped star cluster. Aldebaran, 
a red giant star, is the brightest of his eyes. 

The Pleiades star cluster marks his back. 


CONSTELLATION 


mk | “ NIGHT SKY 
LS ; - The region of sky above is centered 

a agen of ~ onthe constellation of Orion. Orange 

lines mark a constellation’s boundary, 
white lines link its bright stars, and the 


| imaginary pattern is shown in light blue. 
| Pleiades 


Betelgeuse Ollon 


Eridanus 


LEPUS 


Orion's larger dog chases Lepus the hare across 
the sky. It is one of more than 40 creatures in the 
9 : > night sky. There are also 13 human figures and two 
centaurs (half-man, half-horse). 


Columba 


COLUMBA 

It is thought that Columba, the dove, is the bird 
that was sent from Noah's ark to find dry land, as 
told in the Bible. It may also represent a dove sent 
out to guide Jason in ancient Greek myth. 


The Sun is the closest star to the Earth and the center of our 

solar system. This vast ball consists of hot luminous gas 

kept together by gravity. About three-quarters is hydrogen 

and almost all the rest is helium, with small amounts , 
of about 90 other elements. More than half of the 

gas is squashed in the Sun’s core, where nuclear * ay 
reactions convert hydrogen to helium and in Py 

the process produce huge amounts of energy. a © 
This energy is released through the Sun’s . y oo, 
surface, most familiarly as heat and light. _ 7 
The Sun has been producing energy in this_ 
way for about 4.6 billion years and will do 

so for another 5 billion or so. This image 
shows the Sun not as it appears to the 
human eye, but in ultraviolet light. 


SIZE 
The Sun is the largest body in the solar system. 
It measures 870,000 miles (1.4 million km) in 
diameter, which means that 109 Earths could fit 
across its face. The Sun is made of 330,000 times . +h 
more material than the Earth, and 1.3 million 
Earths would fit inside it. 


PHOTOSPHERE 


‘Like other stars, the Sun is not solid but has a 
visible surface called the photosphere—a violent 
place where jets and flares of gas constantly shoot 
into space. It is made of 600-mile (1,000-km) wide 
short-lived granules of rising gas, which together 
resemble an orange peel. 


_ TEMPERATURE 


The temperature of the surface is 9,900°F 
(5,500°C), and it is this that gives the Sun its yellow 
color. Cooler stars are red, hotter ones are white. Inside 
is much hotter. The core is 27 million?F (15 million°C) 
and nuclear reactions here convert 600 million tons 
of hydrogen to helium every second. 


A PROMINENCE 


Giant clouds and sheets of relatively cool gas 
that loop and arch from the surface are called 
prominences. This one extends out the equivalent 
of about 20 Earths. The gas is propelled from the 
surface by enormous force built up by magnetic 
fields inside the Sun. 


Re 


J 7  FACULAE : 
el oS The hottest areas, which appear almost white, are 


 . faculae. They are particularly active regions produced 
by concentrations in the Sun’s magnetic field. 


f 8 SPIN 
Unlike Earth, which is solid and spins as a 
whole, different parts of the Sun spin in different 
amounts of time. The equator makes one rotation 
every 25 days; regions near the poles take another 
five or so days. 


PLANETS 


Hurtling around the Sun are eight planets. Those closest to the Sun— 
Mercury, Venus, our home planet Earth, and Mars—are made of rock. 
The vast outer planets—Jupiter, Saturn, Uranus, and Neptune—are 
called “gas planets” because all we see of them is their gas. All eight 
travel in the same direction around the Sun. The time taken to make 


one circuit, or orbit, increases with distance. Mercury takes just 88 Earth 
days to orbit, while Neptune’s longer journey takes 164.8 Earth years. 


URANUS 


Nineteen times the distance of Earth from the Sun, 
Uranus is a cold, almost featureless world bounded by a 
layer of haze. A sparse ring system encircles the planet's 
equator. Uranus is tilted on its side, so that its rings and 
moons seem to orbit it from top to bottom. 


4 MERCURY 


Mercury is a dry ball of rock, covered by millions 
of impact craters. It is the smallest planet, the closest 
to the Sun, and has the widest temperature range of 


any planet. During the day it is baking hot, but at night 
it is freezing cold. 


Jupiter's visible 
surface is the top 
of a deep and thick 
atmosphere made 
from bands of 
swirling gas 


PLANET 
SCALES 

Jupiter, fifth planet 
from the Sun, is much 
larger than all the other 


’ planets. It measures 


88,846 miles (142,984 km) across and is 


made of about two and a half times as much 


material as all the other planets put together. 
The seven other planets and the three dwarf 
planets are shown here 


roughly to scale. oe 


VENUS 


Second from 
the Sun, Venus is 
the hottest planet. 
This rock world is 
permanently 
covered by thick 
cloud that traps 
heat and makes it 
a gloomy planet. 


8 EARTH 

The only place 
known to have life 
is Earth, the largest 
of the rocky planets 
and the third planet 
from the Sun. It is 
also the only planet 
with liquid water. 
Movements in the 
Earth’s crust are 
constantly changing 
its surface. Earth has 
one moon. 


A thin layer of smoggy 

haze gives Saturn's 
banded atmosphere a 
muted appearance 


‘|The ring pieces, which 
range in size from dust 

. grains to boulders several 
yards across, reflect 
sunlight well and make 
the rings easy to see 


The blue coloring of 
Uranus is due to 
methane in its 


atmosphere _ 


DWARF PLANETS 


The solar system has three known 
dwarf planets—small, roundish objects 
that orbit the Sun among other objects. 


Eris and Pluto orbit beyond Neptune 
as part of the Kuiper Belt—a belt of 
rock-and-ice objects. Ceres orbits 
between Mars and Jupiter within 
the Main Belt of asteroids. 
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> CHANGING COMET 
As a comet approaches the Sun it warms up. The 
snow turns to gas, which, along with loose dust, 
flows from the nucleus. When the comet passes 
closer to the Sun than the orbit of Mars, this 
material forms a head (called a coma) and 
two tails, one of gas and one of dust. 


COMETS 


More than a trillion comets surround 
the planetary region of the solar system. 
They follow long orbits around the Sun 
and together make up a vast sphere called 
the Oort Cloud. Each comet is a lump 


of dirt.and snow, called a nucleus, or Comet Hala. os Cus of eau The comet’ tajp 
“dirty snowball.” Comets are so small travels toward the 2 s a th ad : 
bike I 
that they are only visible when they oe he eV are 
e 
travel close to the Sun and grow large on baat! from the 
and bright enough to be seen. away f Ways point 
ee e rom it. 
a eee 
VO ; 
ST oO se 
oo sy” oo? an The comet grows as it 
ae a ar RO ya This bright dot approaches the Sun 
oo oo r® is the planet 
e Ae Ww So) Mercury 
C ae 
oo 
Comet 
McNaught 
SU 
ecia 
HO spac 
met M Naught 
gun. Like MOF? 
ex it scoverst 
{ 3 it first on 
iagest 
at its bi99 
as ary 2007 
the Sun 


> COMET STRUCTURE 
The nucleus of a comet is a city-sized lump, two-thirds 
snow and one-third rock dust. Halley's Comet orbits 
the Sun every 76 years. When it drew close to it in 
1986, the Giotto spacecraft flew into the comet's 
coma and captured images of its nucleus. 


Sun's bright disk 
has to be masked 


so that the comet Several dozen 
can be imaged mini-fragments 
trail behind 


the main one 


One of more than 30 
separate fragments of 
Comet Schwassmann 
Wachmann 3 


> BREAKING UP 


As a comet passes a massive 
body, such as the Sun or Jupiter, it 

Jets of dust and may be pulled apart by its gravity. 
gas stream out Comet Schwassmann Wachmann 3 
oF shemusteus orbits the Sun every 5.4 years and 
astronomers have observed 


The nucleus of Halley’s ee ene : 
ba : that it is disintegrating. 


Comet is 9.5 miles 
(15.3 km) long 


Wy _ SPACE | Vn oe ae ee : 
Ex ti : 
ro t dis 
. Vv ESQUEL > THIEL 
This stony-iron meteorite was The Thiel 
; collected in Esquel, Argentina, Mountains 
Thousands of tons of rocky material enter in 1951, Golden-colored stony-iron 
Earth‘s atmosphere each year. Most of it crystals-of the mineral olivine meteorite was 


are embedded in the one of the first 
iron-nickel.metak found in Antarctica; 
about 40 yedrs ago, 


originates from. asteroids, but some 
comesfrom comets, the Moon, 
and even Mars. As the rocky 
pieces close in on Earth 

they are termed meteoroids. 
Most burn up, but those that 
survive and land are known 

as meteorites. There are three 
main types: stony meteorites, 
iron meteorites, and stony-iron Ap 
meteorites—the rarest kind. 


Th ww Pe Se eee 


A METEOR 
Meteoroids burning up in Earth’s atmosphere 
produce bright trails. These short-lived streaks 
of light are termed meteors, or shooting stars. 
About a million occur every day. 


< MURCHISON  ® BARWELL 


= Stony meteorites are the most : The Barwell meteorite is'one of a 
/ common. This-one, the Murchison; * ‘shower. of stonés that fell in England 
» fellin Australia in 1969-Itis one of In 1965. As it‘plummeted through 

;. the most studied’meteorites and’: =. © Barth's atmosphere, friction: caused 
contains minerals, water, and:<. ‘the outer surface to heat and melt. 
«complex organic molecules: * This later-solidified into a black crust. 


METEORITES 


< CANON DIABLO 

This sliced and polished iron 
- meteorite is a piece of the asteroid 
that produced the Barringer Crater 
». (below). The pieces found weigh 
* 30 tons (27 metric tons) in total, 
nyet they are only a small fraction 
= -of the original asteroid. 


sa 


© gs 
a” Vad 


< IMPACT CRATER 


Meteorites can produce 
craters when they crash 
into Earth. The Barringer 
Crater in the Arizona 
Desert, shown here 
under a rare blanket 

of snow, measures 

0.75 mile (1.2 km) across 
and was formed about 
50,000 years ago. 


A GIBEOR™ 


3 lron-:meteorites are the second ; 
most common type, after stony 
meteorites. The Gibeon is mainby 
iron with a small amount of 
8 nickel. It is one of many found 

fin. Namibia since the 1830s. 


/ A CALCALONG CREEK 

: “More than 50:meteorites found’ * BD 
on Earth originated on the, Moon, SE Prt ¥ 
blasted off by asteroid impact, 33 
The Calcalong Creek meteorite; 
found in Australia, isJunar ~~ 

“ surface soil.that was turned: 
to rock’by such an impact, .< SAS 


td TEKTITES Ree Sa 
Small’ glassy:bddies known as tektites 
‘can form wheria large meteorite hits Earth: 


— = : 
“This Sart meteorite is one of more a 
30 found on Earth that originated on Mars? 


It was blasted off the planet and'spent. +" +" ~The impact shatters and melts surrounding 

many millions.of years in space before ~ “2 -£<-s;Earth rock, flinging it-upward. It cools and 

landing in Egypt on June 28, 1911. ‘hardens, falling back to Earth as glassy pieces: 

tar coer. a 
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A THROUGH BINOCULARS 


The Orion Nebula is a massive 
star-forming cloud of gas and dust. 
The nebula becomes more obvious 
when looked at through binoculars— 
two low-powered telescopes working 
together. In standard binoculars the 
two main lenses are about 2 in (5.cm) 
wide and the image is magnified 
seven times. 


> IMPROVED VIEW 


es el A more powerful telescope 
on ar Beers 2 Fant a improves the view of the nebula. 
Poe sas Beaten giles Across the world there are about 
_ & NAKED-EYE VIEW 50 telescopes with mirrors 7-17 ft 
The constellation of Orion is easily (2-5 m) across and another 20 with 
visible to the naked eye. On a dark, mirrors up to 33 ft (10 m) across. - 
moonless night, a faint, fuzzy patch of These large telescopes are located on 
light may be visible below the three stars mountaintop sites where the air is clear 
of Orion's belt. This is the Orion Nebula. and still. Computerized controls adjust 
their position, keeping them tracked 
on their target as the Earth turns. 


srk ke int de 
72 ' 1 aes bd 
‘ Gal eee 

8 ie ia 


TELESCOPES 


A telescope is the astronomer’s basic tool. Pe 

It makes distant objects appear bigger and Pa 

reveals their detail. Telescopes work by 

using a lens or mirror to collect light y/ ‘bel 

and bring it to a focus, producing an "4 Fae iene tig elescope 

; Refl = awit : : | || 5 uses a lens, contained 

Image. Reflectors, which use a mirror, | within the body of the 
~-are the most widely used type of @ ea telescope, to collect 

‘telescope—the bigger the mirror, a ae agen ahd 

the more powerful the telescope ow ' > 


and the better the view. 


4 
Magnifying eyepiece ve 


is at 90° to the main 
tube for ease of use 


a a ns a ae TELESCOPES’ 


About 1,000 young stars are 
visible in this view because 
of the X-rays they emit 


< MEDIUM-SIZED 
TELESCOPE VIEW 


The nebula’s shape and 

form become visible through 

a telescope with a mirror about 
8 in (20 cm) across. A camera 
attached to the telescope collects A X-RAY AND 

the light and records the image. INFRARED VIEWS 
X-rays collected by the Chandra space 
telescope were used to make this image 

on the left, which shows the heart of the 
Orion Nebula. The image on the right shows 
the same area taken by the Spitzer infrared 
telescope. Clouds of dust heated 

by starlight show up in red. 


> VIEW FROM SPACE 


Some telescopes collect forms of energy 

other than light, such as radio waves, X-rays, 

and infrared energy. Earth's atmosphere 
prevents some of these from reaching Earth so 
they are collected by telescopes in space. This 
color-enhanced image combines data from 
two space telescopes—Spitzer, which collects 
infrared waves, and Hubble, which 
collects both light and ultraviolet waves. 


> HEART OF THE NEBULA 


Hubble's 8-ft (2.4-m) wide mirror collected the light for this 
detailed view of the Orion Nebula’s bright central area. It 
includes the Trapezium, a cluster of 10 young, brilliant stars 
that illuminate the nebula with their ultraviolet energy. 


other worlds. 54U) . : 
set foot on Mars in the future. UitreD STATES 
Apollo 15 mis: 


Apollo 18 wit 
three US 
astronauts 


MONGOLIA ssi MOHTOIL 


Ka 


Dog 
inside 
capsule 


Sputnik 2 takes Mercury Atlas 5, with eh Gagarin, first 
Laika the dog chimpanzee Enos uman in space 
into space on board 


Inthe beginning 
God... 


Pecos 


1 se Ss Giotto craft flies into 
eS Halley’s Comet 


CENTS * UNITED, STATES 


Alexei Leonov makes the first spacewalk : 
Valentina Tereshkova, P Apollo 8 orbits 
first woman in space the Moon 


U: 
Ri 
oO 
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Apollo 11 
i Hubble Space 


crew return to 
Earth in command : Telescope launche 


module Columbia 


5h Ann ofthe Fit Mlaneed MI 


ST. KITTS 


30th Nam. ofthe First Manned Moao-L janding 


ST. KITTS 


Apollo 11 lifts off In orbit over Man walks on Reentering Earth's 
the Moon the Moon atmosphere 
” e 
ECa 
MERCURY MARINER 10 VENUS MARINER 2 EARTHLANOS‘T = > MOON LUNAR ORBITER * MARS VIKING ORSITER 
re ° oe 
se x 
JUPITER PIONEER 1! SATURN VOYAGER 2 URANUS VONAGER 2 : NEPTUNE VOVAGER 2 é PLUTO NOT YET EXP a 
2 T YET PLORED 


Spacecraft explore the major bodies of the solar system 
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TIMELINE OF SPACE EXPLORATION 


October 14, 1 957 

Sputnik 1, the world’s first 
artificial satellite, is launched 
into Earth's orbit by Russia, 


October 22, 1975 
Russian craft Venera 9 
transmits the first images 
from the surface of Venus, 


February 12, 2001 
The NEAR craft lands 
On asteroid Eros. 


Pioneer 10 flies by a 
in 1973, followed by les 
twin, Pioneer 11, in \ 


PIONEER * JUPITER 


August 25, 2003 

The Spitzer infrared space 
telescope is launched into 
Earth orbit. 


November 3, 1957 

Laika, a Russian dog aboard 
Sputnik 2, becomes the first 
creature to orbit Earth, 


July 20, 1976 
US craft Viking 1 is the first 
to land successfully on Mars. 


nar Roving Vehicle had 


: d of 
aximum spee 
Ns mph (18:6 km/h) 


December 25, 2003 
Europe's first interplanetary 
craft, Mars Express, 

orbits Mars. 


September 1, 1979 
Pioneer 11 is the first to 
fly by Saturn. 


January 2, 1959 
Russian spacecraft 
Luna 1 is the first to 
escape Earth’s gravity, 


a April 12, 1981 
e OF ACHIEV Columbia, the first US space 


shuttle, is launched. 


January 4, 2004 

Mars Exploration Rover 
Spirit lands on Mars, 
followed by its twin, 
called Opportunity. 


Pioneer craft 
investigate Jupiter 


September 13, 1959 
Luna 2is the first craft to 
land on the Moon when it 
Crashes onto its surface. 


January 24, 1986 
US craft Voyager 2 is 
the first to fly by Uranus, 


ith two 
Soyuz 19 wit 
Russian cosmonauts 


April 12, 1961 

Russian Yuri Gagarin is the 
first person into space. His 
flight lasts 108 minutes. 


March 2, 2004 

European craft Rosetta, 
carrying lander Philae, starts 
its 10-year journey to Comet 
Churyumov-Gerasimenko, 


February 20, 1986 

The first module of 
Russian space station Mir 
is launched into orbit. 


June 16, 1963 
Russian Valentina Tereshkova 
is the first woman in space. 


Viking craft land 
on Mars 


March 13, 1986 
European craft Giotto 
takes the first close-up 
look at a comet. 


June 30, 2004 

US craft Cassini arrives at 
Saturn to study the planet 
and its moons, It releases 
Huygens to land on the 


; ional space 
irst internatio 
First rendezvous 


March 18, 1965 
Russian Alexei Leonov makes 


the first EVA (extra vehicular August 24, 1989 moon Titan. 
activity), or spacewalk. Voyager 2 is the first craft 
to fly by Neptune, November 20, 2005 
February 3, 1966 Japanese craft Hayabusa 
; Luna 9 lands successfully April 24, 1990 lands on asteroid Itokawa. 
ysAige USA18C on the Moon. The Hubble Space 
ashiea Ps Telescope is launched. January 19, 2006 

wep jee December 24, 1968 US craft New Horizons is 


US spacecraft Apollo 8 is September 15, 1990 launched on its eight-year 
the first manned mission US craft Magellan starts journey to Pluto, 
to leave the Earth’s gravity a three-year mapping 
ae RR and orbit the Moon, Program of Venus, August 4, 2007 
a US craft Phoenix sets off 


October 29, 1991 
US craft Galileo makes the 


gMankind ; Benefiins July 20, 1969 


% a Atte “es wi « 
is ttle, takes off Neil Armstrong and 


aor et 


for Mars, arriving in 2008, 


Columbia, the first space shu 


Buzz Aldrin of Apollo 11 
are the first humans to 
walk on the Moon. 


April 19, 1971 
The first space station, 
Salyut 1, is launched by 
the Russians. 


first flyby of an asteroid as 
it passes Gaspra. 


July 13, 1995 
Galileo arrives at Jupiter 
and releases a probe to 
enter its atmosphere, 


July 4, 1997 


January 14, 2008 

US craft Messenger makes 
its first flyby of Mercury, It 
Orbits the planet in 2011, 


December 8, 2010 
SpaceX is the first Private 
company to launch a 
Spacecraft into orbit 


US craft Mars Pathfinder 
and its Sojourner rover 
touch down on Mars. 


December 3, 1973 
US craft Pioneer 10 is 
the first to fly by Jupiter. 


and return to Earth. 


eepeceee 


July 21, 2011 

US shuttle Atlantis lands 
back on Earth, and NASA 
ends its 30-year space 


November 20, 1998 
Zarya, the first module of 


March 29,1974 
US craft Mariner 10 isthe 


first to fly by Mercury, the International Space shuttle program. 
Station (ISS), is launched. 

July 17,1975 August 6, 2012 

US craft Apollo18 and November 2, 2000 Curiosity is the largest 


and most advanced 
Rover to land on Mars. 


The first crew arrives 
to stay aboard the ISS. 


Russian Soyuz 19 make 
the first international 
space rendezvous. 


1 
lars Pathfinder a id its rover, Sojourner! 


such down on Mars 


SPACE TRAVELERS 


Since the first manned space mission in 1961, more than 460 
people have journeyed into space—26 on missions to the 
Moon and the rest in orbit around the Earth. To date, only 
Russia, China, and the United States have sent humans into 
space. However, humans are not the only space travelers. 
Animals such as dogs, monkeys, and spiders have all been 
sent into space to help with research. 


2 YANG LIWEI was the 
first Chinese astronaut 
(taikonaut). China’s first 
manned space flight was 
launched in October 2003. 


4 JIMVOSS andSUSAN 
| HELMS set the record 
for longest spacewalk (8 hours 
56 minutes). 


; 


2) i 


10 DENNIS TITO was 

the first space tourist. 

He paid $20 million fora 
six-day trip in 2001. 


11 ALBINO RATS were 
taken to Spacelab-3 in 
1985. There were 24 rats 
on board. 
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19 VALENTINA 
TERESHKOVA was the 
first woman to fly into space. 
She made a three-day journey 
aboard Vostok 6 in June 1963. 


17 MIKE MELVILL was the 
first commercial astronaut. 20 SAM wasa rhesus monkey 
He piloted SpaceShipOne in who was sent into space in 
June 2004. 1960 to test equipment that 
would be used in future 
manned flights. 


: te ea auhinentammeenen 


(22 SERGEI KRIKALEV 
holds the record for the total 
time spent in space. In his six 
trips, he has clocked up 803.4 
days in space. 


24 BUZZ ALDRIN was the 
second person to set foot 
on the Moon. 


SPACE 
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QUICK QUIZ 


What can you remember about Space? 
Jot down your answers, then check them on pp.296-97. 


1) What is the largest 2) Which galaxy 


moon in the solar can you see 
system called? on the right? 
3) Howare stars formed? 4) Who paid $20 million 5) |1amanimportant 
@ Inside vast clouds of to be the world’s first member of our solar 
hydrogen gas space tourist in 2001? system and am the 
© From a chemical reaction @® Armold Schwarzenegger 
between clouds © George W. Bush source of heat and 
@ Whenachild makesawish  @ Dennis Tito light. What am | called? 
© By asudden and spectacular © Michael Collins 


explosion 


6) What makes Uranus blue? 


@® There are numerous water 
bodies on:its surface 

© There is a thin layer 
of smoggy haze 

@ There is methane gas 
in its atmosphere 


7) What is the constellation 
that forms the shape of 
twins called? 


8) What is the name of Saturn’s 
largest moon? 

©® Ganymede 

© Titan 

@ Lapetus 

© Triton 


9) What is the name of the 10) What is the brightest 
dog that went to space star in the Earth’s 
on the Sputnik 2? night sky called? 

© Laika @® Eagle Nebula 

© Enos © Sirius 

@ Lucky © TheSun 

© Arabella © Crab Pulsar 


1 


Match the moons to their names: 


@ Titan © Callisto @ Europa O lo 


13) What was the Big Bang? 


@ A festival of lights celebrated during ancient times 

@ A huge explosion in the universe that occurred about 
13.7 billion years ago 

@ A loud noise resulting from an asteroid hitting the Earth 

@ A test to discover the origin of the universe 


15) Which of these is the 
coldest, most distant, 
and windiest planet 
in the solar system? 


14 Match the meteorites 
to their names: 


QUICK QUIZ 155 


11) If you saw this shoot 
across the sky, what 
would you be looking at? 

@® Acomet 

© AUFO 

@ A meteor 

@ Asatellite 


16 Humans have 
only been to 
the Moon, 
but which 
planet will 
we try to set 
foot on next? 


@® Mercury 
@® Neptune © tum 
© Jupiter @ Mars 
@ Mars © Jupiter 
© Venus 
1) Yuri Gagarin was the 18) How does a telescope work? 

first man in space. But @ It captures the heat from distant 

who was the first objects to create a thermal image 

woman in space? @ It moves distant objects and places 


Valentina Tereshkova them close to the observer 
Baie ai Ameculina @ It uses a lens or mirror to collect 
light and bring it to a focus 
@ It generates images based on 
the information available 

on the internet 


Natalya Gorbanevskaya 
- Svetlana Savitskaya 


FAST FACTS 


Siascatbo start echinny cate The Sun contains more than 99 percent of 


about 2,500 stars with the naked eye. 
all the material in the solar system. 


Uranus was tn 
Space rockets need to reach a speed Saturn would float in a giant bath, 


discovered IN ] 781 of 25,000 mph (40,000 km/h) to escape as it is less dense than water. 
the gravitational pull of the Earth. This is 


an d Neptu ne N ] 846. called the escape velocity. 


The gravity on the Moon's surface Earth is the densest planet in the 
solar system, with a density of 


is just 17 percent that of Earth. 3.2 oz/in? (5.5 g/cm?) 
If you can jump 3 ft (1 m) high on More than 22,500 meteorites 
Earth, you would be able to jump The clouds on Venus are made of that landed on Earth have been 


sulfuric acid. Its atmosphere is 
19 ft (6 m) on the Moon. 96:5 percent carbon dionide! collected and cataloged. 


Pluto was classified as a planet 
from its discovery in 1930 until 2006. 


The Moon moves 11/2 in (3. cm) The Sun viewed from Mars is The same side of the Moon always faces 

away from the Earth each year. two-thirds the size of the Sun Earth. This is because the Moon rotates in the 
viewed from Earth. same time as it takes to orbit—27.3 days. 

The Moon appears ; 

to be the ee Jupiter /n winter on Uranus, The dwarf planet Ceres is the 

asthe Sun from is 1,321 itis dark for 21 largest asteroid, at 596 miles 

Earth because, times the volume of Earth years. (960 km) across. 

although the Sun ‘i ; ; 

a Mei. Earth. Mercury is The largest volcano in the solar system 

ae om Bien it just 0.05 the is Olympus Mons on Mars. It is 403 miles 

is also imes 2 ‘ : 

enews, volume creas (648 km) wide and 15 miles (24 km) high. 


The Great Red Spot visible bulges tance 
onthe surface of Jupiter The black hole at the 
is a storm, wider than three center of the Milky 
Earths, that has been observed _ Wayisas massive as 
raging for the past 340 years. Mesa: 


There is no wind or rain on 


Neptune is the windiest planet. Gusts Astronauts are up to 2 in (5 cm) taller in the Moon SO footprints 
there can reach 1,340 mph (2,160 km/h). space because their spines expand 

in the weightlessness. made by astronauts are 
At a speed of 60 mph (95 km/h), it would _/t takes 84 Earth years for likely to remain there for 
take you 177 years to drive to the Sun. Uranus to orbit the Sun. millions of years. 


The Sun is halfway through its life. |t has been burning for 
4.6 billion years, and will run out of fuel in 5 billion years’ time. 
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¢ 


Our Sun is orbiting the black hole at the 
center of the Milky Way galaxy at a speed 
of 550,000 mph (900,000 km/h). It takes 
225 million years to complete one orbit. 


The universe is expandi ng 
in all directions at the speed 
of light. 


As we look into space we see the universe 
as it was in the past because of the time 
it takes for the light of distant stars and 
galaxies to reach us. 


The tail of the Great Comet, which 
passed by Earth in 1843, was more than 
500 million miles (800 million km) 
long—about the distance from the 
Sun to Jupiter. 


In 1971, US astronaut Alan Shepard stood 
on the Moon andhita golf ball. 


Saturn’s rings were first seen by 
Galileo in 1610 using one of the 
first ever telescopes. 


Enke’s Comet is the 
most frequent visitor 
to Earth, passing by 
once every 3.3 years. 


There are more than 1 billion 
asteroids larger than 1.25 miles 

(2 km) wide in the Main Belt of asteroids 
between the orbits of Mars and Jupiter. 


About every 50 million years a meteorite 
more than 6 miles (10 km) in diameter 
hits Earth. 


Two of the world’s largest optical 
telescopes are found at the Mauna 
Kea Observatory in Hawaii. The twin 
Keck telescopes both have mirrors 
33 ft (10 m) in diameter. 


The largest meteorite on Earth is the Hoba 
West, which remains where it fell in Namibia, 
southwest Africa. It weighed 66 tons when it 
was found in 1920. 


The biggest stars of all are 
500 times larger than the Sun 
and 100,000 times as bright. 


The brightest objects in the Universe 
are quasars—extremely distant 
galaxies that have incredibly bright 
centers. The quasars that we can 

see are so far away that their light 
has taken billions of years 

to reach Earth. 


The planets of our 
solar system occupy 


If you counted 


Astronauts on the International Space 

Station have been growing plants in 

space. The techniques they develop 

will be needed on any future mission 

to Mars, because the astronauts will 
-need to grow their own food. 


The Voyager 1 
spacecraft left Earth 
in 1977 and is now 
the most distant 


Ps crarcin te a disk-shaped region human-made 
Milky Way extending 2.8 billion miies object in space. 
at a rate of (4.5 billion km) Light from the Sun takes 
one a second, it from the Sun. just over eight minutes 


would take you 
about 5,000 years 
to count them all. 


to reach Earth. The light 
from the next nearest, star, 
Proxima Centauri, takes 
4.3 years to reach Earth. 


There is no sound in space, as sound cannot travel through a vacuum. 


Mars has ice caps at its 
poles, just like Earth. 


The largest canyon system in the solar 
system is Valles Marineris on Mars, 
which is more than 2,500 miles 
(4,000 km) long. 


Volcanoes 

last erupted on 

the Moon about 

3.2 billion years ago. 


The Orion vehicle is going to 
replace the Space Shuttle in 
2014. It will carry astronauts to 
the Moon and, later, on the first 
stage of a mission to Mars. 


Yuri Gagarin’s 
mother first 
found out 
about his 
flight into 
space when 
news of 

the mission 
broke. 


It takes the Space 
Shuttle eight 
minutes to reach 
its orbital speed 
of 17,000 mph 


(27,000 km/h). 


a 


ANTARCTICA 
The Transantarctic Mountains 
extend across Antarctica, dividing 
the continent into east and west. 
This region bordering the Ross Sea 
is known as Terra Nova and is famous 
for its spectacular ice caves. 
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igh EARTH’S STRUCTURE 
fe LA N le T = A RT The planet is layered like a peach. 


Earth’s rocky crust forms its thin skin, while 


Earth was created some 4.6 billion years ago the hot, mobile rock of the mantle is like the 
from a mass of iron-rich, rocky debris orbiting peach’s juicy flesh. At the heart of the planet 
the Sun. The rocks smashed into the young lies its metallic core, like the hard stone 


planet as meteorites and were welded together at the center of a peach. 


by heat generated from the energy of impact. 

The bombardment eventually generated so 

much heat that the whole planet melted. The 

heavy iron then sank toward the center to ie cast nace caist 
become the Earth’s core, while the lighter forms only a tiny fraction 
rocks formed the mantle and crust. FEE Nar BORE 


The crust is fused to the 
top of the upper mantle, 
which is in constant motion 


Plumes of heat rise 

through the mantle, 
pushing the plates 
of the crust apart 


LOWER MANTLE 

The rocky mantle is 1,800 miles (2,900 km) 
deep, and is heated to 6,300°F (3,500°C) at its 
base. Intense pressure stops it melting, but 
rising heat keeps the hot rock moving slowly. 


_ Mountains are pushed 
up where oceanic crust 
is dragged beneath 
continents 


Huge impact craters 
have filled with dark 
lava erupted from 
ancient volcanoes 


The Red Seaisa 

spreading rift in the 
Earth’s crust that will 
widen into an ocean 


More than 


Earth's surface 
is covered by 
ocean water 


ON THE 
SURFACE 


Movement in the 
thick, hot mantle 
has made the thin, 
cool crust crack into 
several huge plates. The 
boundaries of these plates 
are marked by earthquake 
zones dotted with volcanoes, 
and mountain ridges pushed 
up where moving plates collide. 


70 percent of - 


PLANET EARTH 


CONTINENTAL CRUST 


The lightest of Earth’s rocks form vast slabs 
that “float” on the heavy mantle like huge rocky 
rafts. Up to 45 miles (70 km) thick, they rise above 
sea level to form the continents that we live on. 


THE MOON 


Soon after Earth formed, it was hit by 
a planet-sized asteroid that completely 
disintegrated. Most of its heavy metallic 
core melted into the Earth, but the lighter 
rocky fragments drifted into orbit and 
eventually fused to form the Moon. 


LAND SURFACE 


Exposed to frost, wind, rain, and hot sunlight, 
the rocks at the land surface are broken down by 
weathering and erosion. This releases minerals 
that are vital to plants and other life. 


OCEANS 


The low-lying basins between the continents 
are filled with water, to an average depth of 
2.3 miles (3.7 km). Most of the water erupted 
from volcanoes as water vapor early in 
Earth's history. 


10 


PLATE 
TECTO 


moving Very 


made the crus 


NICS 


E 


African plate 


/ Arabian 
plate 
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Philippine 
plate 


Caribbean 
plate 
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| south ‘American plate - 
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Antarctic plate 


Australian plate 


Pacific plate 
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PLATE BOUNDARIES 


daries the plates are pulling 
are pushing together. 
There are also places where one plate is sliding against 
another. All these movements cause earthquakes, an 
many boundaries are dotted with volcanoes. 


At some plate boun 
apart, 


Edge of 
continent 
rucked 

up to form 
mountains 


Friction melts 
rock, making 
it erupt as 
volcanoes 


Plate slides on 
mobile layer at 
top of mantle 


Convergent boundaries 
These are found where one plate grinds beneath 
another. Ocean floors always slide under continents, 


pushing up mountain ranges- 


Erupting lava 
forms ridges 
of solid rock 


Rift zone dotted 
with underwater 
volcanoes 


Divergent boundaries 
These occur where plates are 

pulling apart, usually on ocean floors. 

This allows hot mantle rock to erupt in the 


rift zone and solidify as new ocean floor. 


—— 


—— ———m ed 


< KIT OF PARTS 


+ 
Has a 15 large tectonic plates, and almost 
aller ones. They form th 
e ocean floors, and 
some of the largest ca i a 
rry continents. Conti 
plates are made of thi jahte Ree 
icker, but light 

ae , but lig er, rock than 
ee Bet floors. The oceanic parts of the plates are 
ae y : anging size and shape, but the continent 

ough moving, do not change so much 4 
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boundaries 
spats here two plates are 
ach other. This causes 


hquakes along the 
few volcanoes. 


Tran 
These form W 
sliding past € 
frequent eart 
fault line, but 


_Land features 
displaced by 


Plate boundary 
plate movement 


indicated by 
fault line — 


Plates grind and 
snap, Causing 
earthquakes 
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> FRACTURED GLOBE 


The plates fit together to form the 
globe. Some plates are moving apart 
at divergent boundaries, but the 
world never gets bigger because 
the fringes of other plates are 
being destroyed at convergent 
boundaries. The relative 
movement of the Pacific, 
Cocos, and Caribbean 
plates shows how the plate 
boundaries are formed. 


Pacific plate slides along 
transform boundary of 
San Andreas Fault 


Pacific plate 


Plates pull apart at sae 
East Pacific Rise, a 
divergent boundary 


Cocos plate pushes ee 


beneath Caribbean plate 
at convergent boundary 
ine 


ae 


South 
American 
plate 
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EARTHQUAKES > 


The vast rocky plates of the Earth’s crust 
%~ are always moving. Where the plates meet, 

“a the movement causes earthquakes. Frequent 
% slight movement just causes tremors (shaking),} 
but often the rocks on each side of a plate 
boundary lock together. The strain builds : 
up, distorting the rocks until the locked ! 


section gives way. The rock springs back, CHILE 1960 
often shifting several yards, and the shock The biggest earthquake ever recorded struck Chile 
of this can cause a catastrophic earthquake. in 1960. It reached 9.5 on the Richter Scale, which 


| was devised in 1935 by American scientist Charles 
) Richter as a way of measuring earthquakes using 
i instruments called seismographs. 


ALASKA 1964 

On March 27, 1964, the 

Pacific Ocean floor slid 

65 ft (20 m) beneath Alaska 
ina few minutes, causing a 
colossal earthquake. So few 
people live in this remote 
region, however, that only 
125 lost their lives. 


MEXICO CITY 
1985 v 
Mexico's capital city is 
built on the dried-out 
clay bed of an ancient 
lake. The earthquake 
that hit the city in 1985 
made the clay shake 
like jelly, making the 
shock waves six times 
as destructive. More 
than 400 multistory 
buildings in the city 
were shaken to the 
ground, and at least 
9,000 people died. 


SAN FRANCISCO 1906 


. The San Andreas Fault in California marks where the 
Pacific plate is sliding past North America. San Francisco 
is built on the fault line, and in 1906 the city was almost s) 
destroyed when the fault slipped 20 ft (6 m) and 

triggered disastrous fires. 
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INDONESIA 2006 


In 2006, a serious earthquake struck the 
Indonesian island of Java, wrecking up to 
135,000 houses and killing at least 5,780 people. 
It also damaged the ancient Hindu temple of 
Prambanan, a World Heritage Site, but did 

not destroy it. 


KOBE 1995 


Japan was created by intense ground movements in the western 
Pacific, and it has more earthquakes than almost anywhere 
else. In 1995, an earthquake wrecked the city of Kobe, 
destroying this elevated highway and killing 6,433 people. 


TSUNAMI 2004 

The Asian Tsunami that killed more than 283,000 in 
2004 was caused by an earthquake on the ocean floor 
off Sumatra. The shock sent huge waves racing across 
the Indian Ocean, devastating communities all around 
its shores. 


Above left: the city of 
Banda Aceh, Sumatra, 
Indonesia, as it was in 
April 2004 


Left: the same area pictured in January 
2006, after the tsunami had struck 


MOUNT EVEREST 


The world’s highest peak, 
Everest lies 29,035 ft (8,850 m) 
above sea level. It is part of 
the Himalayas, a range of fold 
mountains created by the collision 
of India with Asia 50 million years 
ago. India is still moving north, 
so the Himalayas are still rising. 


MOUNT ACONCAGUA 
The Pacific Ocean floor is 
plunging beneath South America, 
rucking up its western edge to 
form the rugged, earthquake-prone 
mountains of the Andes. Mount 
Aconcagua is the highest peak, 
at 22,834 ft (6,959 m). 


MOUNTAINS 169 


MAUNA KEA 7 MONT BLANC 

The highest point on Hawaii The folded ridges of the 
is the top of a huge volcano European Alps have been 
that rises 33,000 ft (10,000 m) raised by the northward 
from the Pacific Ocean floor. movement of Africa. Mont 
So although its peak is only Blanc is the highest peak at 
13,796 ft (4,205 m) above 15,774 ft (4,808 m), but since 
sea level, it is the biggest its summit is a dome of ice its 
mountain on Earth. height varies from year to year. 


MOUNT 6 8 
KILIMANJARO 
The highest mountain in Africa, 
Kilimanjaro is actually a colossal 
volcano with three volcanic 
cones. The highest peak on the 
tallest cone, Kibo, rises 19,340 ft 
(5,895 m) above sea level. The 
other volcanic cones are 


Mawenzi and Shira. 


Mount Kilimanjaro’s cone The vast bulk The frosty crags of The icy summit Heavy snowfall 


Kibo has a 1.5-mile- (2.4-km-) of Mauna Kea is Vinson Massif pierce of Mont Blanc can feeds two 
wide crater on its summit slowly sinking as the thick snow and ice tise 52 ft (16 m) glaciers that 
the ocean floo: sags shrouding its slopes above its highest flow down 


beneath its weight rocky peak Aoraki’s flanks _ 
. (6) 3 
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OCEANS 


The oceans cover more than two-thirds 
of the surface of the Earth, with an average 
depth of 2.4 miles (3.8 km), but they are 
not just huge pools of saltwater. The 
i ocean floors are where the great 
plates of the Earth’s crust are 
4 - splitting apart or peas 
together, creating long, 
: Uh high ridges and deep 
es pores with 
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ATLANTIC OCEAN 


The Atlantic formed when North and South America 
split from Europe and Africa and gradualiy moved west. 
The ocean is still growing as new ocean floor is created 
at the Mid-Atlantic Ridge. The ridge breaks the surface in 
the north to form eee: with its volcanoes and geysers. 
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SOUTHERN OCEAN 


With no obvious northern boundaries, the Southern 
Ocean forms a ring of cold, stormy water around Antarctica. 
Ice covers a vast area in winter, and the giant icebergs 
that break off Antarctic glaciers and ice shelves sometimes 
drift far to the north. 
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ROCKS AND MINERALS 


Rocks are mixtures of natural chemical compounds called minerals that form 
crystals with distinctive shapes. There are three main types of rock. Igneous rock 
is formed when molten rock cools and hardens, a metamorphic rock is one that 
has been changed by heat or pressure, and sedimentary rock is generally made 
from fragments of rock cemented together. 


1 COCKSCOMB BARITE 7  ECLOGITE 
_* This whitish mineral is often found in veins running A dense, heavy 
through rocks. Its crystals form clusters that can metamorphic rock 
resemble cockscombs (roosters’ head crests). formed deep 
beneath the Earth’s 


surface, eclogite 
contains bright 


2 CHALK green pyroxene 
A type of limestone, chalk is built up from the and ee sip 

remains of tiny marine organisms that sank to the Se sale 
bottom of a tropical sea during the age of dinosaurs. 


3 MARBLE 


Hard and usually pale, marble is a metamorphic form 
_ | of limestone. It can be carved and polished into statues 
» § and decorative slabs are used in architecture. 
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- 5 LIMESTONE 
= All limestones are made of chalky minerals, 


“<< particularly calcite. They are easily dissolved by 
“rainwater, creating extensive cave systems. 
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“6 HALITE 


Formed by the evaporation of salt lakes, halite is 
rock salt—the mineral that we use to flavor our food. 
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9 GRANITE 
One of the main rocks that form continents, granite results 
from molten rock cooling slowly deep underground to form 
big quartz, feldspar, and mica crystals. 


11 PUMICE 


Gas erupting from volcanoes often forms bubbles inside 
cooling lava. This can then form pumice, which has so many 
gas bubbles that it floats on water. 


12 CORUNDUM 


This dull-looking stone is a type of corundum, the hardest 
mineral after diamond. Its crystals are used to make rubies 
and sapphires. 


ess 


15 SANDSTONE 


Sand cemented together by other minerals forms 
sandstone. This red sandstone was once a desert dune. 
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| Amethystine spinel | Golden sapphire | Browntourmaline | Chrysoberyl can be Green beryl isa | Danburite is 
is named for its is a golden form | isoneofhundreds — honey yellow to pale variety of * colorless, yellow, 


amethyst color. of blue sapphire. }ofthegem’scolors. } mint green. emerald. fF green, or brown. 


e 


Mauve spinel is Amethystine Pied tourmaline Yellow beryl is Citrine is a warm Garnet Wasa 
mined in Myanmar sapphire is made has two colors in tinted with iron yellow type of avorite with ancient 
(Burma), like most — fof hard corundum. one crystal. and uranium. quartz. Civilizations. 


spinels. 


2 


Ruby is the same 
mineral as 


; 
»< 


Red spinel is 
often used in t sapphire, but red. that looks like ruby 
place of rubies. | is called rubelite. 
’ 


Red tourmaline 


Amethyst is 
always violet 
or purple. 


chryeer is 
valued as a good 
luck charm. 


Topaz is said to 
dispel sadness, 
fear, and anger. 


Opal matric is Biue scons the fTanzanteleramed Green tourmaline lolite looks different “ Green tourmaline 
polished rock with : most desirable after Tanzania ah eee a fine ork a Sie ate 
veins of opal. } form of zircon. where it is found. ene Ay gc pened vVeloeUre: 


Tiger eye is 
Striped with yellow 
and brown. f 


Green zircon is 


more rare than 
the blue form. 


Catseye quartz has 
a pale, glowing 
Streak or “cat's eye.” 


J 


Chrysoprase is 
prized for its 
apple color. 


Carbuncle is a 
polished, domed 
form of garnet. 


Green beryl is a 
paler form of 
emerald. 


Albite is always 
white. 


tar Sapphire has 
@ Star pattern on 
its surface. 


Zircon is one 
of the heaviest 
gemstones. 


® Amethystisa 
» violet form of 
common quartz. 


Tourmaline has 
more colors than 
any other gem. 


Brown zircon is 
one of many 
color varieties. 


a 

Danburite 
named for tl 
city of Danbu 


Andalusite ¢ 
with green 
orange. 


Opal has char 


colors cause 
scattered lic 


Emerald cat 
has a pale st 
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Moonstone 


Colorless toy 
can be mista 


for a diamor 
4k) D ann aerial 


e can loc 
ae Fon 
some angles. 
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comes from _ 
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The natural minerals that make up rocks 
can form glassy crystals, which can be cut 
into glittering gems. Many are extremely 
hard and contain different i impurities that 
tint gems such as sapphire, tourmaline, 
and topaz a sparkling ar ray of colors. 

They can be extremely valuable. The 

gem collection shown here is worth 
Siast a million dollars. 
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< LEAD 


Very dense and heavy, lead 
is a dark, soft metal with a 

low melting point, which 

makes it easy to shape. It is widely 

& ~ used in lead-acid car batteries, but also 
for heavy weights and roofing. The main 

lead ore is galena, a compound of lead and 


M E TA L S sulfur that forms big crystals. 


ipa a 
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220 sc Galena 


(lead ore) 


Metals are minerals with a closely packed atomic Thawickelin 

structure, which makes them excellent conductors the stainless steel 
coe makes this hip joint 

of electricity and heat. Most are also strong, workable cOnnaeenaet 


Native 


’ materials, ideal for making a huge range of artefacts. 
silver 


Pure metals are elements, with only one type of atom 
in their chemical structure. In nature, many are mixed 
with rocks, or combined with other elements to form 
chemical compounds. These ores must be mined 
and processed to extract the pure metals. 


A SILVER 


One of the most prized 
metals, silver occurs in 
pure “native” form in 
volcanic rocks. It is very 
shiny when polished, 
but soon tarnishes. Since gies qute 
it is quite soft, it is often 
mixed with other metals 
to make harder alloys 
such as sterling silver. 


Platinu,, 


2 
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ey 
PLATINUM 

A beautiful, very heavy metal, platinum 

is often used in jewelry because, like 

gold, it never tarnishes. It is tougher 

than gold, and rarer, so it is more 


precious. It is sometimes found 


Chalcopyrite 
as nuggets of pure metal. 


(copper ore) 


< COPPER 


Copper is a soft metal, often alloyed 

with zinc to make brass, or with tin 

to form bronze—both much harder. & : eben, | 
A good conductor, it is widely used is iaiay Fs, RS ane CO metal WES 
for electric wire. Its main ore is always found in pure form, 
chalcopyrite, a compound of golgta pee es ve 
copper, iron, and sulfur. ae eS pre 

ousands of years. 

It is also used to make 

>» electrical contacts 

- ws that do not degrade 

Sass by tarnishing. 

Cory, ——= y Me 

ugget 


Copper pipes 
and wires 


nautile 


% e 
Atremer A deep-sea 


P Ttremer 1 submersible ‘ 
nautile , 
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> ALUMINUM 


Abundant and resistant 
to corrosion, lightweight 
aluminum is widely used for 
foil, cans, and in aircraft. Its ore, 
bauxite, is a rock that contains 


> TITANIUM 
Light yet very strong, titanium is 
often combined with other metals to ' 
make lightweight alloys used in aircraft, Rutile cr 
spacecraft, and the pressure-proof capsules 
of deep-sea submersibles. One of its main ores 


is rutile, a compound of titanium and oxygen. Hematite 
(iron ore) 


Bauxite 


many aluminum compounds. — (aluminum 
ore) 


“m Ore) 


Steel nuts 


and bolts 


; > MERCURY 


The only metal that is liquid 
at room temperature is 
mercury. It is most familiar 
as the silvery contents 
of old-style medical 
thermometers. Its ore, 
cinnabar, is a compound 
of mercury and sulfur 
found near volcanoes. 


A IRON 


The most useful of 

all metals, iron is strong, 
abundant, and easy to work 
with, especially when refined 
into various types of steel. 

( Its main ore is hematite, an iron 
oxide—the same thing as rust. 


< NICKEL 


Rarely used on its own, 
nickel is often alloyed with 
iron to make stainless steel. 
This is used for all kinds of 


35 
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mm 


applications, from knives Mercury thermomer, ; 
and forks to replacement hip Bi 
joints. Nickel is also alloyed ¥ ZINC 
with silver to make coins. Peas ‘ 
Zinc is a white metal that is alloyed Sphalerite 
with copper to make brass. Its main use, (zinc ore) 


however, is plating or “galvanizing” steel 

to make it rust-proof. Its main ore is 
sphalerite, a sparkling mineral that is a 
compound of zinc, iron, and sulfur. 


Cassiterite 
(tin ore) 


A TIN 

Well known for its use in tin cans—which 
are actually tin-plated steel—tin is widely 
used in electronic components because 
of its high electrical conductivity. It is also 
alloyed with lead to make the solder used 
f to assemble electronic circuits. 
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_ Fossils from about Large collections of 
10 million years ago specimens help with 
reveal details of the identification 
ancient corals and dating of fossils 


CENOZOIC ERA (RECENT LIFE) 


Dinosaur fossils do not appear in rock formed less than 65 million 
“years ago in the Cenozoic era, showing that they had died out by 
that time. Yet mammal fossils become more varied, and include 
early relatives of humans, which date back to 3.6 million years 
ago. The first true humans appeared about a million years later. 


Mammoth tooth ~~ 
found on the bed 
of the North Sea 
shows the sea was 
once dry land 


Hammer and chisel 
used to remove rock 
from around fossil 


Reconstructed 
fossil fragments form 
this skull of Homo 

habilis, an ancestor 
of modern humans 


Magnifying 


glass Chisels * 


PALEONTOLOGY 


~The word “paleontology” means the study y of ancient 
A “ail , *% bones, preserved as fossils. But paleontologists also study 
se ER a, ee rar nonbony life-forms such as mollusks, plants, and even 
bacteria. Their work involves carefully removing, cleaning, 
and preserving the fossils, as well as identifying them and 
recording their features. Special tools ranging from hammers 
to medical scanners help them prepare and interpret their finds. 
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Split rock reveals the 
mineralized fossil 
of an ammonite, 
and a cast of its shell ___ 


FOSSILIZATION 


Normally only the hard parts of living things, such as shells 
and bones, survive as fossils. Over millions of years these 
become impregnated with minerals, so they become stony. 
Often the original shell or bone dissolves, leaving a mold 

later filled by another mineral. Rarely, soft body parts suchas —_ Qpalized 


feathers may leave detailed impressions in fine-grained rock. marine 
snail 


This footprint of a 


3 three-toed predatory - > 
dinosaur is known 
iY as a “trace fossil” This late Mesozoic clam left a 


mold that has become filled 
with opal to create a cast fossil 


3 TRICERATOPS 


The bony neck shield and three 
sharp horns of Triceratops enabled it 
to defend itself from powerful hunters. 
Judging from fossilized bones found 
in North America, the animal grew to 
at least 30 ft (9 m) long. 


5 STRUTHIOMIMUS 


Standing taller than a man, this agile, 
fast-running dinosaur was more like an ostrich 
than a typical reptile. It had no teeth in its 
long jaws. and it is possible that it had a long, 
horny beak like a bird. It may have hunted 
small, fast-moving animals. 


2 


ALLOSAURUS 


Although it probably looked very like 
Tyrannosaurus, the fossils of this massive meat-eater 
have been found in rocks that are at least 70 million 
years older. This timespan is longer than the period 
that separates the last dinosaurs from our own time. 
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STEGOSAURUS 


Stegosaurus fed on plants in what is now 
North America, 155-144 million years ago, and 
could grow to the size of a bus. Scientists have 
puzzled over the function of the huge bony 
plates on its back, which are not attached to the 
backbone. They may have acted as protective 
armor, but it is more likely that they acted like 
solar panels to regulate body temperature. 


10 DIPLODOCUS 


This giant dinosaur lived in what is now 
North America at the same time as Allosaurus, 
but used its long neck to browse on leaves at 
the tops of trees. It was up to 90 ft (27 m) long, 
with a small head and whibplike tail. 
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Wind erosion has turned 
the Coyote Buttes in Arizona 
‘ into‘a natural work of art 


2 


The granite walls of 

El Capitan in California 
have survived millions 
of years*of erosion 


> WEATHERED GRANITE 3 
Granite.is an:extremely hard, 4 
crystalline rock; but it can still 3 
be broken down by erosion, It is 
formed deep underground, and 
when exposed to the air the change 
of pressure makes the outsidelayers 
flake away in a'process called 
exfoliation. It can also be attacked 
-by the acids in rainwater, and " 
scoured by ice.* 


Horséshae Bend.on 
the Colorado‘River 
fofmed as the river 
cut down through 

uplifted rock 


Rock‘is undercut by the waves 
so'the rock above collapses; 
leaving a sheer, cliff 


Moving iée loaded 


Gui elbourne . withirock fragments. = 
Nas the Twelve Abas re wouldihave once 3 
S98 filled this Alpine valleys 3.2 

fie i s wot al 


: ker, a 3° 
’ . ~ as 
‘ ‘ ae 
: ia am 


me In arid terra aoe BUTTES 
loods ~» 0€Casional FI 
Points in these through a 
+ These get Sk to form Valleys Ae 
= ®tving away tho wideh > KARST TERRAIN. 
SO.the har, Y the softer rock Rainwater is slightly acid, 
ventually, E's collapse 4 thas enables itto dissolve 
®'SNeer-sidag femains are Fmestone,The result'can bea 
da sice (bbl snes ; riddled with caves. In. igor ii 
i> hbelow the towering oak ‘he rock is often ero ede 
| coe into spectacular pinnacles: | 


Walley in Utah 


RIVER EROSION ; 


Rivers cut V-shaped valleys and 
eep-sided gorges, especially 


45) dramatic gorges form where the 
s§ land has been slowly uplifted 
f by titanic ground movements, 
af forcing the river to cut deeper 

and deeper into the landscape. 


°, 


ho 


A VANISHED GLACIERS 


In mountains, and in uplands affected” : 


by the last ice age; huge glaciers 

_ grinding along the coursesof former 
rivers scoured them out to form deep 
U-shaped valleys: Where the glaciers 


‘have melted, the valleys remain; often - 


with small rivers flowing down them, 


Antelope Canyon, Arizona 


Abeam of sunlight gleams. 
through-the narrow top of 
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188 EARTH 


CLIMATE ZONES 


Variations in the intensity of sunlight striking different 
parts of the Earth drive global air movements and 
weather systems. Between them, these influences create 
a variety of climate zones, ranging from steamy tropical 
rain forests to the icy deserts of Antarctica. Most of these 
climate zones have a distinctive type of vegetation, which 
is the basis of a whole wildlife community, or biome. 


p> TROPICAL 
RAIN FOREST 


Intense sunshine neat the 

equator makes moisture 
evaporate and rise into 
the air to form huge storm 
clouds. These spill heavy, 
warm rain on the land 
below, fuelling the growth 
of dense rain forests. 


> DESERT 

Some regions get so little | 
rain that they are deserts. 
Many lie in a zone of hot, ; 
dry air near the tropics, but 
others are just too far from © 
oceans. Some plants live in © 
deserts, so they are not 
quite barren.. 


> TEMPERATE FOREST 
Temperate climates are neither 
very hot nor very cold. Near oceans, 
the mild, damp weather allows 
trees to grow well in summer, but 
many lose their leaves and stop 
growing in winter. 


i teecasases : a MEDITERRANEAN 


A POLAR AND TUNDRA The dey shrabianes ie x has en 
; e 
The polar regions get only weak sunlight in summer, ; paloragatcnite a Mediterranean 
Aa ae h ; regions are named after the Me 
and are dark all winter. They stay frozen all year, but in they are most’common. The 
the north this icy region is surrounded by tundra, which Ca tecines 


-leavi hat live there can 
thaws in summer allowing some tough-leaved plants that! 2 
: Pei Se survive drying out in the hot summers. 
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A BOREAL FOREST 

To thé south of the Arctic 
tundra, the northern continents 
support a band of dense forest. 
Most of the trees are conifers 
with stiff needlelike leaves 
that can survive the long, 
freezing winters, 


Soybean 
pods 


Corn on 
the cob 


A CORN 


The corn grown in the Americas 

is actually a giant grass that grows 
well in sunny climates. Its big kernels 
can be cooked and eaten as they 
are, or ground into flour to make 
tortillas and corn chips. 


FARM CROPS 


All our plant foods are grown on farms 
of some kind—from the huge wheat 
and corn fields of North America, to the 
banana plantations and coconut groves 
of the tropics. The crops we harvest 
today are descended from plants that 
once grew wild, but which have been 
bred to give high yields of juicy fruit, 
edible seeds, or rich vegetable oils. 


Vv WHEAT 


Wheat is the most important grain crop in * 
mild northern climates, where it is cultivated 
on a vast scale. A member of the grass family, 
wheat has been bred to have large seeds for 
grinding into flour. 


Bread made 
from wheat 
flour 


Bunch of wheat 
seedheads 


soybeans 


A SOYBEANS 
High in protein and rich in oil, 
soybeans were once known 
only in Asia. Now popular with 
vegetarians, they are grown 

in warm climates worldwide. 


Fresh 
cocoa pod 


Red : 
potatoes 


Vine of red 
tomatoes 


> TOMATOES 
Closely related to potatoes, 
and introduced from the same 

region of South America in the 
late 1500s, the tomato is now 
grown almost worldwide. 


Vv RICE 


One of the world’s three staple 
foods—along with corn and 
wheat—rice is a type of grass 
that grows in warm climates. It 
is usually cultivated in flooded 
en “paddy” fields, which cover 
Ye large areas of the tropics. 


Tofu is a 
food made Grains 
from soy of rice 


Dried 
cocoa pod 
Cocoa beans 


< COCOA 


The main ingredient of chocolate, cocoa beans 
come from the pods of the cocoa tree, grown 
mainly in West Africa and tropical America. 
The beans are first left to ferment in the sun, 
then dried, roasted, and either ground into 
powder or made into cocoa butter. Bar of 
chocolate 


White potatoes 


> POTATOES 


@ The potato is the tuber (storage root) \. 
of a plant related to tomatoes. It was 
brought to Europe from South America 
in the 16th century, and since then it has 

\ become one of the world’s main foods. 


Tea bags 
Fresh P 
tea leaves 


A TEA — 
The leaves used to make tea come 
from an evergreen bush that grows 
in tropical and subtropical climates. 
It is cultivated mainly in China 

and India, where the leaves are 
handpicked and quickly dried. 

Leaf tea can be used as it is, 2 
or in paper tea bags. 


‘iy 
— 
Dried tea eaves « AdS™ 
a~ a2 


Inside a 
yellow tomato 
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eg sandvalsins > SUNFLOWERS 


One of the oldest cultivated plants, 
the grape was grown by Ancient 
Egyptians 6,000 years ago. Planted 
in permanent vineyards in warm 
climates, grapes are harvested for 
winemaking, eating fresh, and 
drying as raisins, sultanas, 
and currants. 


The spectacular blooms of 
sunflowers are made up of hundreds 
of big seeds. These can be eaten as 

snacks, but most are processed 
to produce oil, which is used in 
cooking. Bees love sunflowers, and 
they turn the nectar into honey. 


grapes o 
Black grapes .s Sunflower 
Stalk of ¢ seeds 
sugar cane e% s r 
<4 SUGAR CANE as 
Grown on plantations in tropical yy 


Dried 
sunflower Sunflower 
seed head in bloom 


and subtropical regions of the 
world, sugar cane is the thick stalk 
of a large grass. More than half the 
world’s sugar comes from sugar cane. 
It is also made into alcohol used in 
biofuels (fuels made from renewable 


Brown 
sugar 


Molasses is 


organic material, such as plants). a sticky juice 
produced 
when sugar 

oe cane is boiled The coconut grows 
we : inside a thick, 
Po < BANANAS: fibrous husk 
v Bananas grow in bunches 
of of up to 200, sprouting from clusters 


™> ithe of huge leaves that shoot up from 


2 fleshy roots. They are a valuable crop Dried Fresh 
throughout the tropics, and are coconut coconut 

oy 2 usually cut while green so 

. they are perfectly yellow 


and ripe when sold. 


Creamed 
coconut 


? A COCONUTS 


The big nuts of the coconut palm are an 
important crop on many Pacific islands. The 
fibrous husk is used for matting and rope 
making. The white “meat” of the nuts 

is used for food, either fresh, 
dessicated (dried), as creamed 
coconut, or as coconut oil. 


Vv COFFEE 


Coffee is one of the most valuable crops produced 
in the tropics. It is made from the seeds of a small 
tree. Each red berry contains two seeds, 
or beans, which are dried in the sun 
before being roasted and ground. 2° 
8 
Roasted 


coffee 
beans 


Red coffee . 
berries 


Inside the coconut is 
r) © a layer of white “meat” 
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ENVIRONMENT 


As the human population grows and we exploit more of the 
world’s resources, we inflict a lot of damage on our environment. 


We are doing this partly by destruction of natural habitats, such Coral reefs are dying 

as forests and wetlands, and partly by pollution of the land, as oceans Become 

; warmer, and many 

oceans, and atmosphere. Many plants and animals are types of coral may 

endangered, and entire ecosystems such as coral reefs soon be extinct 
Plastic waste floating ’ 


and rain forests are under threat. 


in the sea can trap 
and kill marine 
animals, as well as 
pollute beaches 


A AIR POLLUTION 
smoke and gases released 
by industry, Power plants, 
homes, and vehicles have 
caused visible air pollution, 
known as “smog,” in many 
cities. Badly polluted air can be 
dangerous to breathe, but the 
main threat from this kind of 
pollution is global warming. 


A GL( 
Z I . 3 WAR 

5 ot Of the things thar a ; ne bes serie 
~~ to the enviro. 
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Vv ACID RAIN 


Smoke and fumes from industry 
and power plants combine with 
moisture in the air to form weak 
sulfuric and nitric acids. When this 
acid rain falls it can kill trees and 
turn lakes too acidic to support 
life. This is a serious problem in 
Canada, Russia, and China. 


Forest destroyed by acid rain near the 
Appalachian Mountains | 


The worst effects of 
acid rain are suffered 
in areas that are close 
to industrial regions 
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QUICK QUIZ 


What can you remember about Earth? 
Jot down your answers, then check them on pp.296-97. 


-) Aoraki is the highest peak P”) This birdlike dinosaur is called 


r Jl la 
Perel Ans 80 


in New Zealand, although it 
lost some of its height in a 
landslide in 1991. What does 
the name Aoraki mean? 
Cloud piercer 


| was once much higher 


Oviraptor, which means “egg 
thief” Why was it so named? 


@ Its criminal records can be found 


in fossilized police files 


© The first fossil specimen of this 


dinosaur was found on a nest 
of dinosaur eggs 


1999 ma REPUBLI Cc 


Aon 


@ Its beaklike mouth was suitable for 


Reet breaking open delicate egg shells 


cA) 
© Snow hoarder 
e 
© 


r What soft, metallic 
mineral is used 
to make the “lead” 


‘4 What is causing many types of coral reefs 
to become extinct? 


in pencils? © Massive tsunamis @ Oceans becoming warmer 
© Lead © Tourists breaking pieces off @ Fish eating the reefs 
© Graphite 
@ coal 
© Charcoal (5) This is the fossil of the first known bird. 


What is the bird called? 
© Archaeopteryx 
© Pterodactylus 
© Quetzalcoatlus 
© Confuciusornis 


& This body of water is a spreading rift in the 
Earth’s crust that will widen into an ocean. 
What is it called? 

© The Spreading Sea 

© The Red Sea 

© The Mediterranean Sea 


Match the metal to 
@ The Red Rift ‘ 


its name: 


© BS 
D What do we call " 
a sudden flood 3) > 
that surges down 


valleys sweeping 
away everything 
in its path? 


© Copper 
@ Platinum 


@ Gold 
@ Silver 


QUICK QUIZ 


« 


gy Earthquakes are most 10 The height of this 


frequent along fault lines. ; 
What causes earthquakes? peak in the European 


Br oiieedae cintts Alps varies from year 
being created to year, because its 

© oe sliding under summit is a dome 

@ Tectonic plates pulling apart of ice. What is the 

© Tectonic plates sliding past peak called? 
each other 


The Earth's crust is divided into many large pieces of rock 12 The bbe eee ag 
known as tectonic plates. These plates carry continents eB betas Ue ep 
and form the ocean floor. Match the tectonic plates Chile cae Ae 
fa their hames: did it measure on the 
Richter Scale? 

@ 90 

@ 95 

@ 105 

@ 120 


13 Fossils of 
early relatives 
of humans 
date back to 

@ Pacific O Australian © Eurasian © African 3.6 million 

years ago. 

Which ancestor of 


é ; modern humans did 
® Which gemstone 15 jae e esate aot this skull belong to? 
é : one of the world’s 0 Gi 
gantopithecus 
is said to dispel three staple foods? © Austratopithecus 
sadness, fear, e Nee @ Homo habilis 
egumes H t 
and anger? @ ice © Homo erectus 
@ corn 
QW The region in 
(16) How was this spectacular Antarctica 
desert landscape in ; 
Arizona formed? bordering as 
© By skateboarders * Ross Sea is famous 
© By ariver that has dried up for its spectacular 
iC) By nad picking Up ele ice caves. What 
OF Sana an ur Ing them Fy G 5 
against bare rock is this region 


© By tectonic plate movement called? 


aeupuaeet: | EARTH : : 


FAST FACTS 


The rotation of the Earth is slowing down, 
so days are becoming longer. In the age 
of the dinosaurs, 60 million years ago, an 
Earth day was less than 23 hours long. 
After it was measured using satellites in 1999, the 


official height of Mount Everest was raised from 
29,029 ft (8,848 m) to 29,035 ft (8,850 m). 


At midnight on June 21, each year, it is 
light everywhere north of the Arctic Circle. 


The pressure at the center of the 
Earth is 3 million times greater 
than that at the surface. 


In the 20" century, the surface 
temperature of Earth rose by 33°F (0.6°C). 


Almost 20 percent of Earth’s oxygen is 
produced by the Amazon rain forest. 


There are about 750 


different species of tree in 
2.5 acres (one hectare) of 
the Amazon rain forest. 


It would take a heavy object more 
than an hour to sink from the surface 
to the seabed at Challenger Deep in 
the Pacific Ocean, which is 36,201 ft 
(11,034 m) deep. 


A large thunderstorm 
cloud, called.a 

cumulonimbus, can 
hold enough water to 


Coal 
is made from 
the compressed 
remains of plants When the volcanic 
that died 


Looking out to sea from the beach, the horize 
is about 3 miles (5 km) away. 


The Great Barrier Reef, at more than 
1,200 miles (2,000 km) long, is the 
largest living structure on Earth. It 

is even visible from space. 


Nine out of 10 volcanoes are under the sea. 
More than 1,000 of the 1,500 active volcanoes 
in the world are in the South Pacific Ocean. 


The world’s smallest 
volcano is Cuexcomate 
in Mexico. It is Just 
43 ft (13 m) tall. 


island of Krakatoa, 
in Indonesia, 


fill 500,000 baths. 300 million erupted in 1883, 
it could be heard a 
Over half the planet is years ago. quarter of the way 


covered by water more 
than 1 mile (1.6 km) deep. 


Six million tons of gold 


is dissolved in the water of the 
world’s oceans. 


The volume of water in the Pacific 
Ocean is the same size as the Moon. 


Lightning strikes Earth 100 times every second. 


Fresh snow is more than 
90 percent trapped air. 


The biggest desert 

in the world, the 
Sahara, covers a third 
of the area of Africa. 


The driest place in the world is the Atacama 
Desert in Chile, When it rained there in 1971, it 
ended a drought that had lasted for 400 years. 


Sand dunes move like waves across deserts 
at a speed of about 3 ft (1 m) per year. 


The lowest temperature ever recorded is -128.5°F 
(-89.2°C) at Vostok, Antarctica, on July 21, 1983. 


The highest temperature 
ever recorded was 134°F 
(56.7°C) at Furnace Creek 
Ranch, California, on 
July 10, 1913. 


around the world. 


In 1811, an earthquake sent 
water in the Mississippi River 
flowing temporarily in the 
wrong direction. 


China’s Yellow River is 
the world’s muddiest 
river. Two billion tons 
of mud wash down it 
every year. 


The strongest gust 

of wind ever recorded 
blew at 231 mph 

(372 km/h) on 

Mount Washington, 
in 1934. 


The driest continent is Antarctica because it receives so little rain. 


FAST FACTS 197 


@ 


< There is enough electricity 
a in a single fork of lightning 


The surface of the Dead Sea in the 
Jordan Valley is 1,368 ft (417 m) 
below sea level and is shrinking 
rapidly. Its water is so salty that 
nothing can live in it except simple 
organisms, such as algae. 


The world’s shortest river is the North 
Fork Roe River, in Montana; it is just 


c {12 hlana 
59 ft (18 m) long 


In 1873, frogs rained 
down from the sky in 
Kansas City. In 1948, 

a group of golfers in 
Bournemouth, England, 
was showered with 
herring. The animals 
had been swept up 
into the clouds by 
strong winds. 


The hardness of rocks is 
measured using the Mohs 
scale, with soft talc at 1 
and hard diamond at 10. 


The largest meteor crater is 
Vredefort in South Africa, which 
is 186 miles (300 km) wide. It was 
created when a meteor about 


of land available 
to grow crops is 
shrinking at a rate 
of 40,000 sq miles 

~ (100,000 sq km) 
every year. 


Seawater freezes at 28°F (-2°C) because the salt in it lowers its freezing 


have the same 

shape, but they 

all have six 
Sides. 


Eto light a town for a year. 


Enough water to fill 2 million bathtubs flows out 
of the Amazon River into the Atlantic Ocean in 
one second. This is five times as much water as 
the second-largest flow, from the Ganges River. 


On average, there are just 
five days a year when 

it doesn’t rain on Mt. 
Waialeale in Hawaii. 


On the afternoon 

of May 31, 1985, 

41 tornadoes were 
reported around the 
states of Pennsylvania 
and Ohio in the US. 
Seventy-five people 
were killed. 


The eruption of Mount 
St. Helens in the US on 
May 18, 1980, set off an 
avalanche traveling at 
250 mph (400 km/h). 


Earth’s 
atmosphere is 


430 


miles (700 km) 
. ace 


Greenland is the largest island in the 
world, with an area of 836,109 sq miles 
(2,133,086 sq km). Australia is larger, 
but is considered to be a continent 
rather than an island. 


The largest diamond mine in the 
world is at Mirna in Siberia. The hole 
in the ground is 4,000 ft (1,200 m) 
across—so big that helicopters are 
sucked into it if they fly too close. 


There are 14 mountains more than 
26,000 ft (8,000 m) high, all of them 
in the Himalayas. 


Clouds contain tiny droplets 
of water floating in air. A 
raindrop contains up to - 
2 million cloud droplets. 


A delay of 
three seconds 
between seeing 
lightning and 
hearing thunder 
means that the lightning 
is half a mile (1 km) away. 


There are 15,000 bush fires in 
Australia every year, as trees and 
shrubs burst into flames in the 
extreme heat. Many plants rely on 
these fires to release their seeds. 


The oldest rocks in the Grand 
Canyon were formed 2 billion 


years ago. 


The Holderness coastline in east 


6 miles (10 km) wide collided England is being eroded 
with Earth 2 billion years ago. away by the North Sea 
at arate of 5 ft (1.5m) 
- No two i 
5s deserts ‘grow 
larger, the amount snowflakes More than 


30 percent of 
New Zealand's 
greenhouse gas 
comes from methane 
in the burps and farts 
ofthe country's 30 million 
sheep and 10 million cows. 


Over the last 10,000 years, 8O 
percent of the world’s forests 
have been cut down by humans. 


Seven 


percent of the 
world’s oceans 
are covered in ice. 
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PAINTED BRIDE 

At a traditional wedding in the Balkan 
village of Donje Ljubinje, the bride’s 
face is painted to ward off bad luck. 
The custom is unique, as is the villagers’ 
language—a mixture of Serbian, 
Macedonian, and Turkish. 
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CULTURE 


American movies and TV shows are popul 
around the world. Many famous music sty 
such as rock‘n’ roll, jazz, blues, country, an 
soul, have their roots in the US. Canada’s 


* 
’ 
. A 


2 @, aa On fot . , | Most of the 
0) 
‘4 ¥ Bie 3 ce peanuts grown 


r~, oe OO 0 fh theilJS are annual Calgary Stampede celebrates its 
tw pene) ox? an «Ke Ryo made into cattle-trading roots, while Mexico has 
:] OOP 03% 0 Bee ae Ors Bec RuneUGs parades and feasts on saints’ days. 
\ne ce 
ave~ Qa) 0% 
| eee sors wv 
KO We oe ‘ 
Oe On Ce eis Pea 
cay ra +4 vis Presley became 
G ue Xe q _ #) the ultimate icon of 
GOO . \ 
at \ ¥ US rock’n’ roll music 
ow wer ; 
\ 
or” 


Canada’s maple 
trees produc®75," 
percent of all mapléi 

syrup—a favorite ¥ 
on pancakes = 


=: The US grows a 
quarter of the Sst 
world’s oranges « i, Sen 


d ball 

an J /N 
SPORTS NY | 
The highlight of the football calendar is a yr 
championship game called the Super Bowl. i 
This is the most watched television event 
in the US. Baseball and basketball are also 0 
long-standing favorites, The colder climate 
of Canada has made skiing, ice-skating, and 
ice hockey the main winter pursuits. 
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‘ ; 205 
_ Oscars are statues : 

given to movie LANDSCAPE lies inside the Arctic Circle \ ; 

industry winners One-third of Canada lie North America \ 

at Holl ‘ st of the year. ’ 

ywood's s frozen Mo A h é 

and stay : ions, including the y, 

Academy Awards ing mountainous regions, — 
contains dthe forested 8 


Mountains an 
ae are In the Midwest are grassy 


Mexico's guitar Appalachian i! raphy is 

groups play aan known as prairies. US re eins 

and sing their ied, with a mix of plains, deserts, ait 
traditional Nallee, d tropical forests. Farther 
mariachi music and temperate an nd the Caribbean. 


are the beaches of Mexico a 


The Rocky 


Mountains 
NORTH AMERICA 
Alaska in the 


north to the 
US border in 


Before the arrival of Europeans in the 16th 
the south 


century, tribes of native peoples were 
Ww the only inhabitants of North America. 


ince then, there have been waves of 
\ immigration to both Canada and the The Grand Canyon was 
US, both of which quickly became formed by water and ice 


over millions of years 


pioneers of financial growth and 


contemporary culture. The mainly Spanish- 
speaking countries of Central America have 
lush, mountainous landscapes and are rich in 


tradition and culture. 3 
Canada’s harp 


seal pups ares, + 
born with fluffy™ 
white fur for 
extra warmth 


Football 
helmet 


from California, used in Construct 


the center for its natural 
microelectronics gas an 


Combine harvesters 
farm wheat on the 
American prairies 
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a Wimbledon title at the famous ay 


Roger Federer celebrates winning ae ail 
be 4 


tennis competition in London 
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Yipsermany is oneot 
the world'sleadiic 
car producers 
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Norway’s spectacaiat fords | 
are One OV ELOpES most 
photographed landscapes 


The active volcano 
f Mount Vesuvius in 
Italy stands 4,200 ft. 

(1,280 m) tall 
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OW ieee. 
popular dish in 
Belgium and France 


Religious and mythical symbols were carved into 
the wood of Polynesian dolls 


Aboriginal art 
depicts patterns or 
scenes from the 
natural world 
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Auatrallaettiomy 
devil is a spiny lizard 

that blends in with its 
desert surroundings 


baobab tree store 
water to survive 
periods of drought 


Eucalyptus 
leaves 
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“AUSTRALASIA 


This southern-hemisphere region includes Australia, 


i" New Zealand, Papua New Guinea, and neighboring 


‘ts Pacific islands. Because all 14 countries are islands, 


by 


BRAD much of the wildlife is unique and the landscapes 
rs are largely unspoiled. Settlers from Southeast Asia 
“| first arrived in Australia thousands of years ago. By the 
* 18th century, European immigrants had reached the 
region, which is now home to 30 million people. 


Sydney Opera House 


The Three Sisters is a 
distinctive rock formation in 
the Blue Mountains, Australia 
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There are about 
30 million sheep in 
New Zealand, some 
sheared for their wool 
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Telescopes at Concordia research 
base provide astronomers with 
exceptional views of the clear 
skies above Antarctica 


Tourists stay on board 
the cruise ships overnight 
because there are no resorts 


The Amundsen-Scott : yy Sx 


research base is named after ~ & So © oc 
the two famous expedition LES eo ~ 
leaders who raced to reach >» - &S 


the South Pole in 1911 


ANTARCTICA 


In the coldest continent on Earth, the temperature oo Roy Mt 
can drop to -112°F (-80°C) and human skin can freeze es Le 

in seconds. Yet, thanks to scientists who are specially yr. 

equipped to brave this harsh habitat, research on some A ; 

F é : sieipurs The largest penguin of 
of the world’s most remote landscapes and wildlife is all, the emperor penguin 
underway. Only discovered in 1820, Antarctica covers huddles in groups to keep 
Sw unillion sq miles (14 million sq km) and, incredibly, petite ie 2 


97 pexcent of it is covered with ice. —_— 


Despite their 
name, crabeater 
seals eat krill (tiny 
marine creatures) 


Humpback whales are 
sociable mammals, preferring 
to eat and travel in groups, 
which are called pods 


ANTARCTICA Sime 


oN jount Erebus on Ross Island 
_ Is the southernmost active 
__ volcano in the world 
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Ice cores are samples Wilkes Land ne shee | 
taken by scientists for 
use in the study of ; 
global warming Ross Ice Shelf Sia 
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CLIMATE 
ai In winter, the Southern Ocean freezes, and 
a hi the ice cap of Antarctica almost doubles in 
i : ; Porpoise B 
> 4 size. In summer, the temperature rarely rises Georeny land Oe 
os = above freezing. Less than 2 in (5 cm) of snow ‘ 
‘3 falls a year, making the area drier than the oe 
Sahara Desert. With gales blowing at more f see 
-—: : ° 7 to 
than 185 mph (300 km/h), it is the windiest yor 


continent, too. 
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FLAGS me 


Historically, army leaders carried flags into wou 
battle as rallying points for the soldiers. ‘Today, 
flags are used to decorate buildings, mark public 

events, start races, honor the dead, or to spell out 
messages or warnings from one ship to another. 

But by far the most recognizable ones are national 
flags—vibrant in color and unique in symbolism. 
Organizations and citizens fly the flag for 
their countries, building up a strong sense 
of identity, pride, and unity. 
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Russian 
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Brazil 
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are | AUSTRALIA 
The flag features a combination 


of Britain’s flag, the Commonweaith Star (with 
its points symbolizing the original states of 
Australia), and the Southern Cross constellation 
(only visible in the Southern Hemisphere). 
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6 i MEXICO 


Traditionally, 
these colors had religious 
and military connotations, 
but the new meanings are 
defined as hope (green), 
unity (white), and the 
blood of heroes (red). 

The central image is a 
symbol from an earlier 
Aztec heritage. 


new Zealand 


7 Fa IRELAND 


This has been 
the flag of Ireland since 
1919. The orange stands 
for Protestants, the green for 
Catholics, and the white for 
the peace between them. 


China 


iy S\ he A eco 8 GERMANY 
Z 6 During the Napoleonic wars of 


the 19th century, German soldiers wore black 


INDIA uniforms with red braid and gold buttons. These 
ominan At the center of the tricolor (three became the country’s official colors, appearing 
colors) is the ashoka chakra, meaning “wheel on the national flag. Public buildings often fly 
of law.’ This symbolizes the hope that the country the flag vertically. 


will continue to move forward peacefully. 


9 SPAIN 
This young flag was created in 
1981. On the left-hand side where the flag 
gets hoisted, is the Spanish coat-of-arms, 
which includes the royal seal. 
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5 1 KENYA 
Mmmm Since 1963, Kenya's flag has been 
dominated by a shield and spears, used by the 
country’s Masai people. This symbol shows how 
the nation is determined to defend its freedom. 
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ual representations of the 

the layout of our planet 

in a variety of ways. Some depict Earth’s 
geographical features, OF the borders and 
boundaries between nations. Other maps 
detail road routes and street names, Or aid 
navigation on urban transportation networks. 


Scales on maps can 
distances, and keys exp 


Maps provide vis 
world, revealing 


be used to figure out real 
lain map symbols. 
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River Thames 
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STREET Map 


U 
2 aee tools for Navigatin 
se Sand towns, street ae 
4 ude road names and Be 
ihe ale landmarks sucha 
Sane Stations hospital : 
\SE: rches, a : 
\ ere nd Parks. Street 
a € available Online 
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>» 29d via most cell phones 
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* SAILING CHART ~ See 
: | Nautical maps of coastal — | / ae 
» OF ocean areas are called See bt / | 
- Charts. They include information y, oe: l 
x about tides, Currents, depths iv psiece 
& potential hazards, and featur u agin 
2 ; es Nor 
a fi? of the seabed. Sailors carry these @. 5s 
<< \ charts on board their ships to Pest 


help with marine Navigation. 
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National and state borders 
are shown on political maps. 
Contrasting colors highlight 
~ different countries, so the 
legal boundaries stand 

aes OUt More clearly. To aid 

, understanding, major cities, 
rivers, seas, and oceans are 
also labeled. 
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ECONOMY 


Since ancient times, farmers have taken goods 
to markets, where customers bargained over 
prices and sales were agreed upon. Today, the 
range of goods is massive, but the principles 
remain the same. Societies function by people 
working together to grow, build, manufacture, 
and distribute products for consumers who 
want them. Such a system, for 

the production, distribution, » 
and consumption of goods, 
is called an economy. 


These umbrellas 
for toes might seem 
useless, but if there 
is a demand, then a 
supply will follow 


> SUPPLY 
AND DEMAND 


An economy works 
because there are 
people supplying 
goods and services 
to people who 

will pay for them. 
When there is a big 
demand, the price 
of these goods and 
services goes up, 
but if there is a huge 
supply, the prices 
drop to encourage 
the demand. 


> PRODUCTION sa: 


Every country uses its raw 
materials and its people to make 
all kinds of products to sell. The 
best ways to maximize profit are 
to reduce production costs, pay 
the workforce less, and use the 
speediest manufacturing tools. 
As production increases, so 

the economy grows. 
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> TRADITIONAL ECONOMY 


In less wealthy countries, a traditional economy 
is more common. People produce a few goods 
for themselves and sell what is left. Rural farmers 
may grow produce such as fruit 
and vegetables to feed their 


families, and then sell the 
rest at local marke 
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< DOMESTIC WORK 


Any unpaid work done at home is not 
counted as part of the economy. Housework, 
for example, only contributes to the market 
economy if a cleaner is paid for the job. 
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< COMMAND VERSUS MIXED 

The government takes control in a command 

economy, and it is in charge of the country’s 

economic activity. However, in a mixed i] 

economy, some industries, such as health i 
weeny, 2d transportation, are publicly owned and 
gee run by the government, j 


but the rest are 
privately owned. 


> RAW MATERIALS 


Some goods are used to create a different “a 
product. These are usually raw materials \ a | r 


or partly finished items, such as steel, coal, 
wood, and paper. These goods are 7 
often unrecognizable in : . : [ 


meee EN 
> CONSUMER GOODS VALE 


Producers must recognize what people want Wan’ 
in order to create consumer goods that will prove : \ \, 
popular, sell well, and increase profit. A wide range th Wve 
of goods, such as cars, clothing, toys, and food, are Ri 
offered by many different producers to ensure that 


ME TY ed 
individual consumer needs are satisfied. AUN UME[H/ 
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German flag as French flag ; SOmey; 9 goy, 


A CITIZENSHIP 


People born into a country or state are called its citizens. This 
gives them the right to protection by the government as well 

as the right to vote. Along with rights come responsibilities, and 
citizens are expected to abide by the laws of the land. Immigrants 
and refugees can sometimes become citizens of another country. 
Each country or state is identified by its national flag. 


In times of war, 
governments can call 
upon citizens to fight V2 oF y 
lh ali A passport is an official 
government document 
that allows each citizen 


to travel abroad 


THE STATE | 


Throughout history, countries have been run by a variety of leaders 
and governments. At one time, heads of state were royalty, ruling 
with absolute authority. In many countries, power has now passed 


Megaphones 

to the people, as democratic elections have replaced royal rule. Many we a aS 
iis 2 6 ae rotesters 
citizens have the right to vote for their political leaders and to protest ree their 
against them when necessary. Having won a place at the forefront of voices heard 


government, prime ministers and presidents run many world states. 


Ceremonial mace 
is kept in the UK's 
House of Commons 


In the House 

of Commons, 
ministers debate 
changes to law and 
government policy 


> LEGISLATURE 


States have elected representatives who 
are responsible for making laws, known as 
legislating. Government members debate 
new policies or changes to existing laws. 
Once the laws have been agreed upon, they 
are officially drafted by the legislatures. These 
laws must then be followed-by all citizens. 


United States 
Congress where 
new laws are 
passed 
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Colored rosettes are Wigs are worn . < LAW AND ORDER 
sometimes worn by by judges in some 

members of political countries as part A country’s judges, collectively 
parties to show their of legal tradition - called the judiciary, make 


allegiance in the 


run-up to an election rulings on criminal allegations 


or civil disputes in courts 


le) 
conga 2 is ae wor of law. They interpret and 
citize nto a ri 4 ‘uphold laws passed by 
_ ONfigy Mtisy ® the, the government before 
“0te . delivering their verdicts to 


'® the citizens involved. The law 
~ _ in most countries is upheld 
== '® bya police force. 
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German police cap 


A DEMOCRACY 


In democratic societies, citizens have the 
opportunity to vote for their preferred 
candidate from a range of political parties. 
On election day, people cast their vote and 
the party with the majority is established 
as the new government. 


bees 
A gavel and block 3 : 
_— - used by a judge to e- 
4: 44 a8 Soe maintain silence in court 


< MONARCHY 


In the past, most countries were ruled by 
a king or a queen and, as head of state, 
the monarch’s word was considered law. 
Pp Although some countries still maintain a 
monarchy, their role is mainly 
SS... ceremonial. It is the 

elected government 
that generally takes 
responsibility for how 
the country is run. 


Presidents in South 
America, such as Chile's 
leader, Sebastian 

Aera, wear sashes 
mbols of office 


United States 
presidential seal 


A REPUBLICS 

Countries that have a president as their 
head of state instead of a king or queen 
are called republics. Presidents can be 
elected by the citizens or appointed by y 


This imperial seal 
of China shows a 
dragon guarding 

a pearl, which 
represents wisdom 
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the legislature, and usually act as head 
of the nation’s government. 


Crafted with priceless 
gems in 1838, the State 
“Crown was first worn by 
Britain's Queen Victoria 
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HARRISO 


s first installed 
House during 
| idency 
afl aa mae 4 (1889-93)—his wife would 
not touch the switches, 


fearing electrocution. 
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A FRANKLIN D. ROOSEVELT 

“FDR” served a record four terms in office from 1933-1945. He 
brought an end to the Depression with a“New Deal” to bring 
relief to the unemployed, and took the US into World War Il. 


Called to office after Nixon's 
resignation in 1974, Gerald 
Ford is the only president not 
to have been elected either 
president or vice president. 


> THEODORE 
ROOSEVELT 


A reformer, Roosevelt 
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> WILLIAM MCKINLEY 


The first to campaign using ; 
advertising techniques, McKinley 
won the 1896 election promising 


to tax foreign goods. 


eg UN rmesioen 
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| THINK 


NIXON AGNEW 4&4 
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A RICHARD NIXON 

In 1974, Nixon became the only 
president to resign, because of his 
involvement in the Watergate scandal 
? (illegal spying in the Democratic 
Party’s headquarters). 


| DWIGHT ; 
Beerenes 


In 1961,SFK" bece 
the youngest elected): 
US president, at the. os \ 
age of 43. Kennedys 
~~ leadership inspired ° . 
Sh hope. His assassination 


A BARACK OBAMA 
Obama is the first African- 
“American to become 

US president. He won 
asecond term in 2012 


‘ ‘September ech 20) 
A BILL CLINTON 


A long period of economic 
growth meant that, despite 
allegations of scandals, Bill 
Clinton always remained popular. 


healthcare and social 
reforms for Americans. 


US PRESIDENTS 
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promised a “Square Deal” 

for all. The teddy bear takes 
| its name from him, after he was 
\ given a stuffed toy in 1903. 


with a platform of making 


pb ae 


< CALVIN COOLIDGE 

Coolidge believed the government 

should not control too many aspects 
of people’s lives. A man of few words, 
he was nicknamed “Silent Cal,’ 


George Washington 
John Adams 
Thomas Jefferson 
James Madison 
James Monroe 
John Quincy Adams 
Andrew Jackson 
Martin Van Buren 
William Harrison 
John Tyler 
James Knox Polk 
Zachary Taylor 
Millard Fillmore 
Franklin Pierce 
James Buchanan 
Abraham Lincoln 
Andrew Johnson 
Ulysses S. Grant 
Rutherford Hayes 
James Garfield 
Chester Arthur 
Grover Cleveland 
Benjamin Harrison 
Grover Cleveland 
William McKinley 
Theodore Roosevelt 
William Taft 
Woodrow Wilson 
Warren Harding 
Calvin Coolidge 
Herbert Hoover 
Franklin D. Roosevelt 
Harry Truman 
Dwight Eisenhower 
John F. Kennedy 
Lyndon B. Johnson 
Richard Nixon 
Gerald Ford 
James Carter 
Ronald Reagan 
George Bush 
William Clinton 
George W. Bush 
Barack Obama 


1789-97 
1797-1801 
1801-09 
1809-17 
1817-25 
1825-29 
1829-37 
1837-41 
1841 
1841-45 
1845-49 
1849-50 
1850-53 
1853-57 
1857-61 
1861-65 
1865-69 
1869-77 
1877-81 
1881 
1881-85 
1885-89 
1889-93 
1893-97 
1897-1901 
1901-09 
1909-13 
1913-21 
1921-23 
1923-29 
1929-33 
1933-45 
1945-53 
1953-61 
1961-63 
1963-69 
1969-74 
1974-77 
1977-81 
1981-89 
1989-93 
1993-2001 
2001-09 
2009- 
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CHRISTIANITY . 
Christianity is based on the belief that Jesus Christ / 
is God’s son. The Bible, Christianity’s sacred book, pe: 
contains the story of Jesus’lifeand how he was ~ 

put to death. Christians believe his sacrifice means i 
that followers will have an eternal life with God. | 


Saint Antony 
People who have led 
especially holy lives 
are named as saints 
by the Church. 


Bishop’s miter This miter 
(hat) is worn by a bishop in 
the Roman Catholic Church, 
the largest Christian body. 


- 
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Cross Because Jesus died on across, it is 
a powerful symbol of the Christian faith. 


Icon of Christ Paintings remind Christians 
that God lived as a human through Jesus. 


Chalice In the ritual of 
Holy Communion, bread 
and wine represent the 
body and blood of Jesus. 
The wine is often served 
in a chalice. 


ee Se et 
HISM 
Unlike most religions, Buddhism is not 
based on worshipping a god or gods. 
Instead, it is based on the teachings of 
the Buddha, who showed his followers 
how to live a good life and avoid 
sufffering by controlling their desires. 
Buddhists hope to achieve true 
wisdom, known as enlightenment. 


Merit sharing Buddhists believe BUDD 
that if they live caring lives, they 
will build up merit (good will) and 
have a better next life. They can 
pass on merit to others ina aif 
merit-sharing ceremony. 


Buddhism, Siddhartha 
Gautama, was born 
in what is now 
Nepal in 563 sce. 


Statues of Buddha 
are often made of 
gold to show his 

importance 


In the temple, water is 
poured from one vessel to 
pass along merit to others 


Chanukiah This nine-branched 
candlestick is used to celebrate 
Hanukkah, the Jewish festival of 
light. The central branch holds the 
candle used to light the others. 


Prayer wheel and prayer As this 
Buddhist prayer wheel turns, a 
mantra (a blessing or prayer) 
<<» written ona scroll inside 
IS “repeats” itself over 
and over again. 
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JUDAISM 
This is the religion of the Jews, also called Hebrews. Judaism was the first 
successful religion based on the idea that there is only one God, and it formed the 
basis for both Christianity and Islam. Central to Jewish belief is that God chose 
the Jews as a special holy nation, and gave them a set of laws to follow. The story 
of the first Jewish people is told in the Hebrew Bible (the Christian Old Testament) 


Kippas Some Jewish men wear 
skullcaps, known as kippas, when 
they pray as a sign of respect to God. 


Water shaker 
In one Hindu 
ritual, priests 

sprinkle water 

over the 
worshipers. 


Om This is an 
image of the 
sacred sound, 
Om, spoken 
after Hindu 
prayer. 


Islamic scribe Because the 
Qur'an is believed to contain i 
God's exact words, great care 
is taken when Muslim scribes 
recreate them. 
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Torah scroll The 
most important book 
in the Jewish faith, the 
Torah contains a list 
of instructions for 
everyday life. 


~ after death in another form. 


RELIGION 


A religion is a set of beliefs that helps explain life’s mysteries. People seek 
guidance from their religion on how they should live their lives. Most people 
with religious faith believe in either one God or many gods. They express 
their faith through rituals, such as gathering together with others to worship, 
and by studying sacred books. There are many different religions, but those 
included here have the most followers around the world. 


RELIGION 


HINDUISM 


One of the oldest religions, Hinduism 
began 5,000 years ago in India. Hindus 
believe in. a supreme spirit, Brahman, who 
reveals himself through hundreds of gods 
and goddesses. Hindus practice their faith 
in different ways, but share a belief in 
reincarnation—the idea that a person's 
soul has lived before and will live on 


Ganesh Hindus pray to 

- Ganesh, the elephant god 
of wisdom and help, when 
facing a new challenge. 


Krishna This popular 
Hindu god is thought to 
bring great happiness 
to believers. 


Krishna is usually shown 
as a smiling youth with 
sky-blue skin 
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Prayer beads God, or Allah, 
is thought to have 99 names. 


- 7 1 
ISLAM 
This string of 99 prayer beads 


Muslims believe that God revealed his words 
through an angel to the prophet Muhammad, 
who collected them in the Qur'an, the holy 
book. The faithful try to live by the rules in 
this book. The most important duties are the 
Five Pillars: prayer, helping the needy, fasting 
for one month-a year, making a pilgrimage 

to Mecca, and showing faith in God. 


can be used to remind Muslims 
of the many names of the 
one God. 


Quiblah Muslims 
must facethe holy 4 
city of Mecca 
when they pray, 
five times a day. 
This instrument 
helps them to find 
its location. 


Islamic tile The 
sacred words 

of the Qur’an 
appear on many 
decorative objects, 
such as this tile. 
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FESTIVA LS 3, THANKSGIVING 


This North American 


Across the world, people celebrate festivals for a range of festival is held on the fourth 
reasons. Although many form part of religious worship, others Thursday of November in the 
were created to mark a change in seasons, to focus on cultural: Te ee hair bag 
traditions, or to celebrate an important milestone - history. gat togetfier to give tharihe 
Some festivals take place on the same day every year, others for the first good harvest of 
are based on ancient calendars or a new Moon, so the dates the European settlers more 


change. Special food is almost always a part of each festival. than 400 years ago. 


DAY OF THE DEAD 


During this Mexican 
festival, held on November 1, 
families believe that the 
souls of dead relatives are 
able to return to the land 
of the living for one night. 
They decorate altars in 
homes and cemeteries 
with candles and flowers. 


Family and friends 
gather fora 
Christmas meal; 
with treats such as 
this stollen, 

a spicy fruit cake 


Sticky rice, with 


Skulls made from 
‘sugar and water may 
be decorated with the 
ames of the dead 
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MIDFALL FESTIVAL 


This east Asian celebration, 
which dates back more than 
3,000 years, falls near the 
traditional harvest, when 
the Moon is at its lightest 
and brightest. Family and 
friends gather in the evening to 
eat mooncakes, rich rounds of 
pastry with lotus-seed fillings. 


EID AL-FITR 


This Muslim festival 
marks the end of Ramadan, 
a month-long fast. The. 
celebration lasts for three 
days, starting with the 
sighting of the new moon. 
People dress in their best 
clothes and go to the mosque. 
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remember the 
tears of the 
slaves 
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FEAST OF 5 LUCIA 


Each year, on December 13, 
people in Sweden and Norway 
celebrate the feast of Saint 
Lucia (a Christian girl who 
died for her faith). Early in 
the morning, a young girl 
dressed in white (often the 
youngest daughter in the 
house) takes a tray of hot 
saffron buns to her family. 


DIWALI 


Also known as the Festival 
of Lights, Diwali celebrates the 
victory of good over evil. 
Hindu families light oil lamps 
and put them on ledges and 
balconies. They also send cards 
with wishes for a good year. 


During Eid, children enjoy 
sweets made with pastry, 
= “se «nuts, and’honey 


Green 
vegetable, 
often lettuce, 
represents 
new life 
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EASTER 


The Christian festival 
of Easter recognizes the 
resurrection of Jesus on 
the third day after his death. 
It falls between late March 
and April each year. People 
attend church and exchange 
Easter eggs. 


Matzoh, a flat, crackerlike 
bread, is eaten to 
remember how Jews 

left Egypt in haste, not 
2 waiting for their bread 
dough to rise 


Shank bone is a 
reminder of lamb 
_ sacrifices made 
\ in the temple 


Jt mix represents 
at held Egyptian 
buildings together 


“— Chocolate or 
painted eggs 
are ct as 
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CITIES 


Cities have existed since ancient times, when they 
functioned as trading hubs, often at the heart of 
sprawling empires. By the early 20th century, one 
in 10 people lived in a city. Industrialization has 
led to massive urbanization, and more than half 
the world’s population are now city-dwellers. 
Modern cities are centers of commerce, 


culture, and government. | 
‘ > HIGH-RISE 
~ The first high-rise buildings, now 
known as “skyscrapers,” were i“ 
ot TE common constructed in the 1880s. With \ 
qc ‘ peece selves limited space in city centers, is 
nancen to estan a with anelt building upward became the iz 
for ate sent state? ane solution. Today, more than é 
indepee system” nareds 7,000 skyscrapers tower pe “ 


above the city of Hong Kong. 


> CONURBATION 
When a city expands to 
merge with neighboring 
one os Myf Ep uN it becomes one huge 
Hc . urban area called a conurbation, 
a | ‘In = a The world’s largest conurbation is 
Tokyo, Japan, with more than 
34 million inhabitants. 
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v POPULATIONIGROWTH . 
, Until recently; the majority of the world’s population eS 
lived in rural areas. Today, most people live in cities, 
Where they have migrated in search of work and 
Opportunity. In many. cities, such as Mumbai ih Indiay 
this has lead to overcrowding as temporary. 
shelters’spring up on the outskirts. 
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| .. Tuareg headscarf Wound around the head 
uh and neck, this headscarf protects the Tuareg 
E XTR fe M E L V ! N G ‘people from the blistering sun and sandstorms. 
Sunhat Worn Boomerang 
. by the Fulani This throwing 
of West Africa, stick, was used 
this hat ~ by Australian 
_ shades ~ aborigines for’ 


the face. | hunting wild 
animals. 


- Humans have Pound a way of living in some of 

the most inhospitable environments on Earth 
including the scorching deserts, the icy Arctic, and 
the steamy rain forests. Desert dwellers have to cope 
with the daily. problem. of finding water. In the Arctic, 
the challenges are keeping warm and finding food 
toleat. The rain forests are full of life, but many of 

» the animals are dangerous, and some of the pants 

are ANB Uba 
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ARCTIC 
The frozen Arctic is one of the toughest 
places on the Earth to survive. There are 
no plant foods, so Arctic people came to 
rely on hunting seals, walruses, whales, birds, ade 

fish. Without lumber, they used skins and bones to build 
shelters, sleds, and boats. Modern inventions, such as the 
snowmobile, have made life in this frozen wilderness easier. 


- Icebreaker | 
A sharp pick 
is used to 
‘break thick, 
solid ice. 


Snowmobile 
This motorized sled 

has skis for gliding 
over the snow. 


i oe 


AY 


| 


Fishing rod Arctic dwellers _ Lapp stick This stick with a 
fish through holes in the ice. shovel-like blade is used by the Arctic 
Lapp people for probing and digging. 
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: _ ta/sleep in midair, away from snakes and insects. 
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RAIN FOREST 
Unlike the Arctic and the 
desert, the South American rain forest 
has a wide variety of animals and plants. The 
problem is that many of the animals and birds suitable 
for eating live high up in the canopy. Hunters scan the 
trees above for prey, such as monkeys, and then shoot 
them down using blowpipes firing poison darts. 


SBaleon dart frog This frog produces. 
deadly poison, used to iw? blowpipe darts. 


Mosquito net Protection from insect 
bites is crucial when sleeping, since 
diseases like malaria are spread in this Way. 
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DESERT’ 


The extremes of temperature 
faced in the desert—extremely 
hot during the day, and very cold 
at night—is the main problem 
” desert dwellers face. They are 
_ constantly on the move, searching 
- for freshwater supplies, sometimes> 
using the flight of birds and 
insects as their guide. Having 
found water, they must make 
sure that not a drop is wasted. 


“Camels Bedouins travel usin camels, 
which can go without water for long 
periods thanks to the fat stored on 
their backs. 


Ostrich egg The 
San people of 
the Kalahari desert, 
in southern Africa, 
- fill astrich eggs 
~ with water and 
bury them for 
using later, 


Goatskin bag The 
Arabian Bedouin 2B Lae i 
draw water from er b |) Traditiona 
deep wells and ; - oe (} parka 
‘transpoft it in The Inuit, ad 


goatskin bags. ome ofthe — 
pate Canadian 
; i + : Arcile weats - 
Skin shoes The Sami of thick, warm: 
Northern Scandinavia wear clothing = = 


\| made from 3 
|| caribou skins. , 


shoes made of reindeer skin. 


Modern Arctic 
clothes These 
are Just as warm 
as the traditional 
wear, but are 
lighter and 


oe iy ; i 
ia mA more flexible. 


Blowbige Crafted from wood, 
_ blowpipes are used to hunt 
birds and monkeys. | 


House on stilts People who live in 
. the rain forest build these as protection — 
from flooding and insects... 


PEOPLE AND PLACES 


QUICK QUIZ 


What can you remember about People and Places? 
Jot down your answers, then check them on pp.296-97. 


1) What is Pho Bac? 


@® Chinese for “come back” 

© A Vietnamese beef 
noodle soup 

@ A battle cry during 

' a karate move 

© Korean New Year 


r) This is the Wailing Wall in 


Jerusalem. Why is it important 


for the Jewish people? 


@® They gather here to offer their prayers 
© They share their sorrows around this wall 
@ The wall wails to warn them of 


impending danger 


@ The wall was erected to celebrate the 


Jewish festival of Sabbath 


eT) Match the US presidents to their names: 


@ George © Ronald 
W: Bush Reagan 


(5) What do we call a country 
that has a president as its 
head of state? 


©® Democracy 
© Republic 

@ Monarchy 
© Presidency 


\8) This distinctive 
rock formation 
in the Blue 
Mountains, 
Australia, is a 
spectacular 
sight. What is 
it called? 


@ John F. © Jimmy 


Kennedy Carter 


\6) What is a bishop’s miter? 


© A staff a bishop carries at 
all times 

© A chess move in which a bishop 
can leap over other pieces 

@ A hat worn by a bishop in the 
Roman Catholic Church 

© A robe worn by a bishop 


r) The Grand Canyon is 

a steep-sided canyon in 
Arizona. How was 

it formed? 


@® By water and ice over millions 
of years 


© By a violent movement of 
tectonic plates 


@ By an asteroid strike in the 
Triassic Age 


\D What is the name 
of the traditional 
Spanish dish 
made of rice, 
meat, and 
seafood? 


\9) The original inhabitants 
of New Zealand practice 
a traditional dance called 
the haka. What are these 
inhabitants known as? 

® Aborigines 

© Kiwis : 

@ Maori 

© Polynesians 
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10) About 10,000 tourists visit Antarctica 
each summer. Where do they stay? 

@ In igloos 

© On board the cruise ships they travel in, 
because there are no resorts 


@ Beside the Transantarctic Mountains, 


This city-state 

in Italy has its 
own flag, coins, 
national anthem, 
and postage 
stamps. What 


sheltered from the fierce winds is its name? 
12 Match the flags to the 13) On November 1, Mexican families decorate altars 
country names: in homes and cemeteries with candles and flowers. 
Which festival are they celebrating? 
: OME  O Germany @ Mexican New Year @ Day of the Dead 
© Passover © Thanksgiving 
—- On 14 Which country is home 15) The San people of the 
S| ’ to the funnel-web Kalahari Desert store 
spider, which can kill water and bury it for 
Se | @ Kenya a person with a single later use. But what do 
- ii ~ venomous bite? they store it in? 
, : @ India @® Goatskin bags 
o rs © Jamaica © Mexico © Ostrich ee 
= @ Kenya @ Earthen pots 
© Australia “ © Skulls 


16) Cocoa is the key ingredient 17) Which country in Europe 


Teese Gu lee uses about 60 percent of its 
African country produces 


half the world’s cocoa? 


farmland to grow olives? 


18) The faces of four US presidents 
: are carved into this rock. What is 
bi » this famous landmark called? 


FAST FACTS 


Between 1800 and 2000, the 
population of the world grew 
from 1 billion to 6 billion. 


Vatican City isn’t actually a city. It is a country, 
although it is only the size of 50 football fields 
and its population is around 800 people. 


In 27 ce, Rome became the first 
city to have 1 million inhabitants. 


Nigeria is the most densely populated Before humans arrived 


country in Africa, with more than 100 


million people, but Sudan is the largest in New Zealand around 


country geographically, with a total area e 
of 967,490 square miles (2,505,800 sq km). I, 000 NA drs dg 0, th er 


In 2008, for the first time in history, 
more than half the people of the world 
lived in cities and towns rather than 
rural communities. 


About 6,000 different 
languages are used around 
the world, of which half 
are spoken by fewer than 
10,000 people. 


players (mostly in China), (1.7 per sq km). 
table tennis is the most 

<a WalMart, a US company with a chain 
popular competitive of stores, is the largest company in the 


sport in the world. world, with 1.9 million employees. 
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| were no mammals 5 
Uganda has the youngest population Apa 
in the world. More than half its inhabitants there except bats. = 
Baers Va phundere Flightless birds, such 5 There are 
Singapore is both a city and a state. sues ‘ 
It is the only member of the a ue alae iaiie 2 states In the US. 
UN with a completel € /dnd Instead. oO 
urban tne ‘ The bricks f = The most recent 
of the traditional —‘ The city of Troy wo ‘i $ 
eth elas h rondavel houses of was thought to be 2) to shes See Hawaii, 
i Abela clea Rwanda are stuck mythical until its E.On August 20, 1959. 
) “ . . ion 
The next biggest é together using ap eo found In = 
Puy pert lone ee Tokyo is the largest 
315 million. a Uh! tees aie gees 6 city in the world. If you 
; in the world is the Burj — . ‘ . 
Istanbul in Turkey is the only city to straddle Dubai Tower in cies o include all its suburbs, Its 
Me Op ASE epee A it is getting taller. It will bé more % population is 35 million. 
Damascus in Syria is the world’s oldest than 2,500 ft (800 m) high when es 
city. People have lived there for more it is finished, the tallest structure c English is an official language in 
than 10,000 years. ever built by humans. xe) 
~ 
2 e © 
There are 194 countries in the world. & 
; > 
There is enough stone in the Great The flag of Nepal is the only national flag o 
Pyramid in Egypt to build a wall that is not rectangular. It looks like one Ss 
3 ft (1m) high around France. triangle on top of another. a. 
fe) : 
The soccer World Cup Mongolia is the i maak 
Pras OnE? DREN __Itis most sparsely © There are about 110,000 
a Seales estimated that populated E  inuit people snore 
from Europe or 3.9 billion people date 
South America. country in the 7% equally distributed 
watched the 2004 as 
Athens Olympic. “//: There are S among Alaska, 
Riese oe Games”. only 4.4 people e Canada, and Greenland. 
40 million registered on TV. persq mile S$ 
WY 
VY 
U 
¢ 
© 
Fe 
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The first map to name the newly 


srowetconnenameieans The Oldest known map 

J ee | was drawn arou nd 2,500 BCE 

ewer than people sti i id | 
speak Votie, a language of Of” a Clay tablet in Babylonia, in 
northern Russia. modern-day Iraq, showing the 
583 different languages are spoken area around the Euphrates River. 


in Indonesia. 


Argen tinians eat more spt oe is agit About 4,000 people, 
parliament in the world. Its first : . . P 

meat than anyone else. _ meeting was held in 930 ce. mainly scientists, live 
in Antarctica in the 

Two million people converge on the holy ; 

city of Mecca, in Saudi Arabia, each year In 1978, Argentinian Emilio Marcos summeriil uns 

during the week of the Muslim pilgrimage | Palma became the first person to be drops to 1,000 in 

called the hajj. born in Antarctica. the winter. 


About 7 billion people do 
not have enough to eat. 


Q percent of the world’s toys are made in China. 


Absolute monarchies are states that The Trans-Siberian railroad runs from There are more than 20 megacities 
are ruled directly by a hereditary St. Petersburg in the west to Vladivostok with WEL than 10 million 
leader. Saudi Arabia, Brunei, Oman, in the east. It is 5,772 miles (9,288km) long _ inhabitants in the world. 
and Swaziland are the only absolute and goes through eight different time 4 
monarchies that survive today. zones, without ever leaving Russia. Th e f | rst 
The widest avenue in the world is country to 
Avenida 9 de Julio in Buenos Aires, give women 
Argentina. It has 12 lanes of traffic. the vote was 
At any given time of day, around Three million people make New Zeala nd 
60,000 people are in the air Raion ; : ° 
somewhere over the US. their living working oak in 1 893. 

fishing boats. 
There are 1 billion bicy cles Experts predict that India will overtake Russia, the largest country by 
in the world, 400 million of China as the most populous nation on area, is almost twice the size 
them in China. Earth by 2030. of the second largest, Canada. 
The United Nations was formed The first cell phone network was launched in Sweden in 1956. 
by 51 countries in 1945. It 
now has 192 members since The world's busiest airport About half the world’s people 
Montenegro joined in 2006. is Atlanta in the US. More regularly eat insects. About 
There are 55 different ethnic groups than 88 million people pass 1,500 different species appear 
in China besides the Chinese. through its doors each year. on the menu. 


The Rio de Janeiro Carnival in Brazil is the world’s biggest street party, with more than 2 million co 
people packing the streets. London’s Notting Hill Carnival in England is the second largest. 
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i Sickle A long flint, 
TO RY mounted ina 
| P R E H S wooden handle, 
| i i forms a farmer's 
Our distant past, before writing was invented, iS eidetusetl to 
called prehistory. Without written records, we rely Polished ax raeedania 
on the objects that prehistoric people left behind Bem This ax with 
such as tools, to find out how they lived. The first tools, its polished 
made around 2.5 million years ago, were of stone, flint blade, 
bone, and wood. Later, prehistoric people learned to “ee used by 
use metals—first copper, then bronze, and finally iron. armers to 


clear land to 
create fields. 


Flint blade 


Chopper This chopper Handax Invented 1.5 million Adze This 
was made 2.5 million years ago, the handax was adze, with its 
years ago, by chipping a the first stone tool made to a flint blade set 

pebble to make a cutting design. The pointed end was in a wooden 


edge. It would have been 
used to smash bones to 


used for cutting meat or 
digging up edible roots. 


sleeve, was used 
to shape wood. 


get to the marrow inside. 
lron pyrite Scraper The best stone 
tools were made from : | 
4 Antler ls pails oa A THE AGE OF FARMING { 
SUN sy poe Between 10,000-9,000 ace, people in 
A toolmaker tool would have the Middl f 
Flint ; lddle East invented a new way of 
used an antler been used for scraping life—farming, They learned t | 
hammer to Making fire Prehistoric animal skins clean. sow the deere of . 0 store and 
strike flakes people learned to make animals, such ae: at oe : 
fronva flint fire by striking flints ‘. as sheep and goats. By 
Een against lumps of Mammoth-shaped hook held the controlling their food supplies, farming 
to s ape it. irchipyfite spear in a long, straight handle, people were able to settle down in 


i 


which launched the spear with 


ermanent vi 
greater force and speed P illages. As the supply of foo 


became more regular, populations rose 


Spearthrower From 30,000 scE, ; and the farming way of life spread. 


people made carvings of the 
animals they hunted. This spear 
thrower is in the shape of a mammoth. 


4 HUNTER-GATHERERS 


For most of prehistory, people lived by hunting animalsand a 
gathering wild plant foods. Hunter-gatherers lived in small | 
bands, which were often on the move, following herds of 

animals and looking for fresh sources of food. The first humans ook 
lived in Africa, but gradually spread across the globe, settling | 
first Asia and then Europe. Humans reached Australia Be 54 
by 50,000 ace, and the Americas between 30,000-14,000 BC 


Antler pick European farming people 
mined for flints, digging with picks 
made from deer antlers. 


Arrowheads Farming people 
continued to hunt wild animals, 
using bows and arrows with 
skillfully shaped flint heads. 


- The next discovery was how to make tools from 

metals. Around 5,000 sce, people in Europe and 

Asia learned how to extract copper by heating 

~ certain rocks. They used the bright metal to 
make tools and jewelry. Around 3,500 sce, they 
discovered that adding a small amount of tin 

- to copper made a harder metal, called bronze. 


aan ee 


Bronze sword The 
discovery of tougher 
bronze led to the 
invention of a new 
weapon—the sword. This 
one has been cleaned to 
show its golden color. 


~ 


Belt boss This 
decoration, which 

» would have hung from 
a belt, was made by 
flattening a piece of 
bronze and hammering 
patterns into it. 


Bronze pin Bronze, 
with its gleaming golden 
color, was popular for 
jewelry among the rich. 
These pins were used 

to fasten clothes. 


Sickle lron was used 


for everyday tools, 
such as the blade 


of this sickle, set in 
an antler handle. A 
sickle was used for 
cutting hay or crops. 


Royal dagger This bronze 


dagger, decorated with 
sea creatures in gold and 
silver, belonged to a ruler 
of Mycenae in Greece. 


Spearhead This is the 
head of a huge spear, 
which would have 
been thrust rather 
than thrown. Together 
with its wooden shaft, 
it measured more 
than 7 ft (2 m). 


Neck ring This bronze 
neck ring was worn by a_ 
British Iron Age warrior 
as a protective charm. 


Iron dagger The 
scabbard of this iron 
dagger is decorated 
with bronze strips. 

It was found in 

the Thames River, 
England, and dates 
from:c. 550-450 sce. 


lron Age sword lron made 


stronger swords than bronze. This 


fine iron sword, which is 2 ft 4 in 
(70 cm) long, was-discovered 


in 1987 in an Iron Age grave. It is 


a rare find because iron objects 
are usually destroyed by rust. 


Mirror This is the 
back of an intricately 
decorated bronze 
mirror. The other side 
was highly polished 

to give a reflection. 


Short sword This 
Ancient Egyptian 
weapon has a 
smooth handle so 
that it could be 


Ax head Bronze 
* tools, suchas this 
ax head, were 


made by pouring gripped tightly. 
- the molten metal The blade is ridged» = 
into molds. for extra strength. 


A THE IRON AGE 


Although iron is the most common metal on Earth, it 
~ was the last to be used to make tools. Unlike copper and 
, tin, iron does not melt when heated in a fire. People did 
not learn how to shape iron, by heating and beating it 
' with a hammer, until around 1,550 sce. While bronze was 
» ametal for the rich, everyone could afford iron. 


“ 


HISTORY 


NOBLES 


These men may have 
been priests, relatives of the 


king, or wealthy landowners. 
They are shown sitting on 
chairs with delicately carved 
legs, evidence of luxury at 
the palace. 
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FIRST CIVILIZATIONS © 


More than 5,000 years ago, farming peoples in the river valleys of Mesopotamia 
(modern-day Iraq), Egypt, and India, created the world’s first civilizations. In 


ea 


Sumer, southern Mesopotamia, people known as Sumerians built the first cities, 
Each city was ruled by a king, who governed on behalf of the local god. This 
scene shows the king of the city of Ur receiving goods from his people. 


A MUSICIANS 


This man is shown playing a 
lyre, which has a wooden sound 
box decorated with the head of 
a bull, Other instruments from 
the time included harps, lutes, 
reed pipes, and drums. 
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A THE STANDARD OF UR 


This mosaic of blue lapis lazuli, red sandstone, 


and white shell was made in the city of Ur 
in about 2,500 sce. It decorates one side of 


a small wooden box found in a royal grave. 


The purpose of the box is not known. This 
side shows a peaceful banquet, while the 
other side depicts scenes of war. 
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FARMERS 


Although the area was hot 
and dry, silt from the rivers kept 
the soil fertile. Farmers also dug 
canals to divert water to their 
crops, which included barley, 
turnips, onions, and dates. 


FISHERMEN 


Rivers offered a plentiful 
supply of fish for all early 
civilizations. From the Indus 
in India, the Nile in Egypt, and 
the Euphrates and Tigris in 
Sumer, fish were caught with 
nets or spears. 


ANIMALS 

Sheep, goats, cattle, and 
pigs were vital to the first 
civilizations. They provided 
meat, milk, leather, and wool. 
Oxen were used to pull plows 
and donkeys for transportation. 


WORKERS 


This man carries a bundle 
on his back, the heavy load 
strapped to his head. It was 
thanks to the toil of workers 
like this that massive temples 
for the gods could be built. 
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CLASSICAL WORLD 


The civilizations of ancient Greece and Rome are collectively 
known as the “classical world.” The word “classical,” in this 
instance, refers to culture of the highest quality. The Greeks 
were pioneers in science and the arts. They influenced the 
Romans, who spread this style of art, architecture, and 
literature across their own empire. Men in both societies 
were eager to find fame, often through military might. 


|____ Although little is known Socrates was described 


about Homer's life, it is P / as having a round face 
generally thought that _ 4) andasnub nose 
he was blind y 

Lionskin headdress 


of legendary hero — To : 
Heracles, renowned for — i 
his superhuman strength we 


PERICLES 2 
. a 
» © general, Pericles 

» Ww (c. 495-429 sce) 

\ “Y was a leading 


- Said 


During the 8th century 
Bce, Homer wrote two 
great epic poems 
about the legendary 
Greek war against 

the city of Troy. The 


» SOCRATES 


SRE E Socrates (469-399 ace) tog | a figure in Athens 
stapiot thacrted P Was an Athenian thinker - when the state 

: ; » Whose influence on was a democracy 
warrior Achilles. The philosophy was so (meaning “power 
Odyssey describes 


by the people4.” 


reat that all earlier 
‘He filled Athens” 


ilosophers are 


the adventures 
of another hero, 


Odysseus,ashe feferred to as pe ate ples, 
journals ae \ ee ¥ “pre-Socratic” ALEXAN DER such as the 
RS cia =. before Socrates). THE GREAT Parthenon, 
Hoinaeubvritiea ean owever, unlike One of the world’s which was 
is so powai AS previous thinkers, greatest generals ' dedicated 
that it is eaid to Nea A philosopher, astronomer, chas Pythagoras, _ and bravest of soldiers, to Athena, 
have influaleliia and mathematician, Socrates did not Alexander (356-323 sce). | goddess 
writers throug Pythagoras lived in the try to understand — - was king of Macedon, of the city. 
the ages. He will 6th century sce. He is the universe. He to the north of Greece. Pericles also 
so.importaeilll remembered today for [ believed that After forcing the _ promoted the 
the Greekelelaile his work in geometry— }itwas more Greeks to unite under | arts, and made 
they simply | particularly his theorem important to his leadership, he Athens the 
called hina | about triangles—but he “find the best conquered.a vast » cultural center 
poet Home was also a religious teacher. | Way to live. empire, stretching from | Of Greece. 
posites | Pythagoras wanted to unlock “Accused by his Egypt to northwest E 
originale ; the secrets of the universe enemies of being India. By the time of 
or chanted Aan and saw mathematics as a bad influence, his death at the age 
accompantaaa = | the key to everything. He he was put ontrial of just 32, he had won 
of aires yi Pelieved that numbers and sentenced lasting fame and was 

Wa Were the ultimate reality. to death by forever known as 


drinking poison, | Alexander the Great. 


Julius Caesar 

was known to be 
balding and 
combed his hair 
forward to try and 
disguise the fact 


JULIUS CAESAR 


Politician, general, and 
writer, Julius Caesar 
(c. 100-44 Bce) is 

§ famous for his 
conquest of Gaul 
(modern-day France), 
which he described 
in his book The Gallic 
Wars. He also fought 
and won a civil war 


general, Pompey, 


on Rome and 
was declared 
dictator for life. 
He was later 
murdered 

for acting 


SULLA 
As a Roman general, 
Sulla (138-78 sce) 
was a ruthless and 
ambitious man. His 
quarrels with a rival 


~ 


| Nelle led like a king, 
ac sia 4 Which went 
to the first in a series Bgainst 


of bloody civil wars 
in which Romans 
fought against 

each other. Sulla 

was the first general 
to march on Rome as 
the head of an army 
and seize power. 
Julius Caesar later 
followed his example. © & 


‘the principles 
of the Roman 
"republic. 


against a rival Roman® 


Caesar marched™ 


Oak wreath was 

an award given to 
Augustus for saving 
Roman lives 


EMPEROR 
AUGUSTUS 


Augustus (the 
revered one) was 
the title given to 
Julius Caesar's 
adopted heir, 
Octavian, when he 
became Rome's first 
emperor. Augustus 
(ruled 27 Bce—14 ce) 
took power after 
defeating his rival, 
Mark Antony, in 
battle. He ruled 
Rome for more 
than 40 years, and 
brought peace 
and stability to 

the empire after 
years of civil war. 
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Like Augustus, Trajan 
wears the oak wreath, 
called the civic crown 


Trajan’s goatskin 

cloak is worn for 

godly protection and 
displays the image of the 
snake-haired Medusa 


Although Augustus 
lived to be 76, his 
statues always showed 
him as a handsome 
young man 


A Spaniard by birth, 
Emperor Trajan (ruled 
98-117 ce) was the 
first Roman ruler to 
be born outside 
Italy. He was 

a successful 
general, and 

his conquests in 
the Balkans and ' 
| what is now Iraq 


AGRIPPINA 
The wife of Emperor 
Claudius, Agrippina 
(15-59 ce) was a | brought the 
powerful and ambitious. ~| Roman Empire 
woman. She persuaded (4 toits largest 

her husband to adopt size. In Rome, a 
Nero, her son froma famous column 
previous marriage, She was built in his 
is thought to have then honor decorated 
poisoned Claudius so with scenes of 
that the 16-year-old his campaigns. 
Nero could come to 
the throne. At first, 
Nero was dominated 
by his mother, but he 
eventually grew tired 
of her interference and 
had her murdered. 


te 


HISTORY 


244 


"YH BY JO Yods 
SIPPIW 2 SILJOARY BY] SEM 
‘syonp pe a ‘SP4iq She ‘soby 
Sa|qou passaup X Puuyed juny 0} eae suoabid 
9}ise> siy sMOYs 5 [YD jo dnoub e ay Jo Spiig aye} 
pey pue uew jn unuIed siqy ‘spuey hs sodwieyy ye 
IN}EMod Alaa e sem pices ae eles 

jO ong aul 


SNILNNH 


UPLUS}UNY 
|euolssayoid 
pled-jjam esem 
4QUOD/e} aul 


S/d e pajjes 
Sseuppeay uaul 
2 YUM sey sayy 
Pa1aao> uaioM 


= BpIIS e 
J/22 spe 

PSAIND e ie 
31ND sem 1eaym 


sejqou SOY 
SADUCLY Jc 

jo 

3 SowioY Ajajeys 
42 243M sajyse> 


| 


yey 0} pull JO aoaid e 
igquesead ay} a40M 
ddns sajqou 24+ 


“sanjeswuiout Jo} WwW 


yoxe ul pue| out payiom om 


y ‘ssalplos UM Hur ay} Pell 
iy 0} pue| payuesb oum ‘bury 244 sem 
x2 Ul PUR| Bulai6 uo pasea 


yo sem Ayala0$ jeaaipe 


ALBIDOS awanad 


so} abue 
woyoq 24} 4 
Ayanyad Ul ‘SAlqOU $ 
do} au} iW ‘9 
"uayshs jepney,, 


IAJas JO} abueu? 
e oyul paziueb 


i] 


uoissiwued s,P40} 
ayy Nou 
abejiA 24d 
anea| 10 Aue 
you pjno> Aeus 
—sjybu Me} 
pey sjueseed 


auop eq OF 
pey siti OM WE} 
ysow a\J—SP225 
SMOS jueseed 


puey Aq 


sjjem Aq 
papunouns 
spuehoulA 


sialplos 404 uosiueb 
e pue ssa} e 
sem ajyse? eUL 


245 


"$1X9} SNOIBIjad 49M sO PUR ‘syuow A 3 S 
sO Sc nO pec aria aon ee irae a sa[qou Ay}TeaM IOF pays1oM OYM sia10ge] 100od—s)uesead 
us ! | ! se apIsAr / 
as . ea pue Pe SY} JO SOWI} JUdIAYIP Je Aes 0} Suaeid sleep Ca ee ead nen see ret 06 
LL punose Auag Jo ang Yyouasy ay} JO apew sem 3 ,"suNO ; i a ; plage see 
jo 4009, e pajje> yo0q 1akeid e Woy ree 4a sued see SuIuUIsaq ay) pue ‘Aimjuad WIG ay} Ut ‘astdury UeWIOY 
ay} Jo |e} ay} UIaMjaq ArO\sTy Uvadoiny Jo potiod ay 


SYNOH 40 OO CO) aie Une SUS) PU, se 2p Pre Sue aa 


“ 


4417 1WASIGSAW 


MEDIEVAL LIFE 


‘anisuadxa Alaa sem YydIyM ‘sse|6 

aAey JOU Pip pue [jets 1am SMOPUIM ay] 4943260} 
Al] pue ‘daajs Wea pjnom auoAJaAa a1aYyM SWOOL 
OM} JO auO IsNf{ YUM sbuipjing ajduuis Ajjensn s19M 
SASNOYUWNE JOJUIM Ul LUIEJ UO al] SMOYS bHunuied siup 


ASNOHWAVS 


atin aii oll 


ysalid je50| 

ay} 0} paanposd 
ay jje so ‘oyuiy 40 
‘yyua}-au0 anib 0} 
pey Jauuej ay] 


‘ 
| ONIGIINgG ITLSWD 


OLjJOabea ; 

4} puofa ; 

} 8AI| 0U pip UaJpyiyd phe io 
Pue ysiey sem 24! JUeSe|ag — 


SP aT* Rive 4's opens 
ji : x | 


SeulDIPaU 

aye pue poo} 
U9]39MS O} Aauoy 
papiAoid saniyaeg 


SOUP] YIM paue 
PEGassoY UO Jayjo 
/ 428 pabiey> Kay se 
S1YBIuy ay) payeiedas 

PUNO4JB JUaWeUINO} 


oe 24}2e |]eM Mo} ay — 


JBMO} ,8JOI9AOP, © UI 
yea 10j }day 319M 
suoabid pue saAog 


abpuqmeig : 


seluue Awaua jaday 
' 0} pue YyJeam pue 4amod 
) SP40] 84) Yo MOUS 0} yoq 
PaUuBbisap sem 9pised ayy — 


apt] aBe IIIA Jo 493Ua2 
ay} SEM YDINYD ayL 


HISTORY 


EVERYDAY LIFE 


Sie” 
AMERICAN > Sean 2 
ae cage The Aztec, Inca, and Mayan 
em civilizations were all based on farming. 
C ! V | L ; Z AT {| The most important food crop was 


by maize (or corn), used to make 


Until the arrival of European invaders in the - pancakes, called tortillas, and beer. In 
16th century, complex and powerful civilizations addition to farming the land, people 
flourished in the Americas. From 250 to 900 cE, had to serve their rulers as soldiers, 


the Mayan kingdoms of Central America built cities builders, Oblaborets: 


with huge stone temples and developed systems 

of mathematics and astronomy. From the 14th ‘ 
century, the mighty Aztec empire built pyramid 
temples and made sacrifices to their Sun god. In 


the 15th century, the Inca empire stretched for Pipes of different An it walks 
if c 5 lengths make behind a 
more than 2,000 miles (3,200 km) along the Pacific dito geahish Haase 


coast of South America, with a network of roads 
and fortress cities high in the Andes Mountains. 


POTTERY Flint blade with 


Native peoples in the Americas seriphoteeas 
made pots by rolling clay into long 
strips, which they coiled to make the 
walls of their vessels. Pottery served 
both a practical purpose, such as 


carrying liquids and boiling food, Knife There were Music The Incas Drink The Incas 
and a decorative one. no metal tools, so made music by drank “chicha” 
knives were made blowing across the (maize beer) 
of stone. top of cane pipes. from painted 


wooden beakers. 


Inca pots The Incas used these pots to carry 
and store beer. People carried them on their 
backs, using a rope passed between the handles. 


Conical base for Inca designs 
standing the pot were influenced 
in a hollow on by basketry 
the ground weaving patterns The hunters} 


disguised as deer, 

creep on all fours 

A blue hummingbird 
perches on the rim, 
ready to take a sip 


Plate Paintings on 
pots often reveal 
details of daily life. 
This Mayan plate 
shows how people 
hunted deer using 
blowpipes. 


Mixtec cup This 

cup was made by the 
Mixtecs, the Aztecs’ 
southern neighbors. 


GODS 


The Aztecs and Mayans worshiped 
many gods and goddesses, whose 
statues they kept in pyramid temples. 
They believed that the gods made the 
Sun rise in the morning, the rain fall, 
and the crops grow. For the Incas, the 
Sun, the Moon, and the Earth were 
themselves gods. Inti, the Sun god, 
was the most important of them. 


a 


Gold was the “sweat of 
the Sun’ to the Incas 


Rain god Chac, 
the Mayan rain 

god, had a long 
nose and fangs. 


Offering Golc 


by the Incas as 
offerings 


Chac Carries a ball 

of incense, which 
was burned at 
religious ceremonies 


Calendar This book 
is a calendar, used 
by Aztec priests to 
predict the future. 


Shield Aztec warriors 
wore colorful costumes 
and carried shields 
decorated 


iifcathers. from fig tree bark, which 


Jaguar skin 
decorated 
with feathers 


Tezcatlipoca, an 
Aztec god of 
war and strife 


5) 


Funerary urn Burned 
bones of Aztec warriors 
who died in battle 
were buried in urns. 


figurines were left 


pists fen a 


Mayan records Mayan books 
were painted on paper made 


folded up like an accordion. 
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KEEPING RECORDS 


4 


These civilizations had various ways 
of keeping records. The Aztecs used a 
picture writing system, with pictures 
standing for words and ideas. The Maya 
had a more complex system, with signs 
standing for sounds. The Incas did not 
write, but kept records using lengths 
of knotted string, called quipus. 


Pld cE 


Aztec signs for (A 
different days 


Quipu The color, 
size, number, and 
position of the 
knots all hada 
significance to 
the Incas. 


Knots were used 


This mask is from for counting 
Teotihuacan—an earlier 

civilization than the Aztecs Eye shapes were 
often part of the 


knife’s decoration 


Sacrificial knife Aztec 
priests used stone knives 
to cut out the hearts of 
prisoners of war. 


Stone mask Carved 
stone masks were 
placed as offerings 
in Mexican temples. 
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SEAFARERS 


Seagoing craft have been built for at / 
least 50,000 years. The first boats were 
probably log rafts or hollowed out tree 
trunks. At some point, people came up 
with the idea of catching the wind by 
raising a piece of cloth—the first sail. As 
ship building methods improved, sailors 
set off on longer voyages, using their 
ships to explore, to trade, and to raid. 


Taut rope running from 
each end of the ship a 
prevents it from sagging 


A EGYPTIAN SHIP i 


This Egyptian seagoing merchant ship is constructed 
from planks tied together with rope, and dates from 
2,450 ace. Its collapsible mast carried a single square 
sail. Traveling against the wind, the crew lowered 
the mast and used oars. 


an TP 


Oars were used to 
power the ship when 
the wind dropped 


< VIKING LONGSHIP 


From the 8th to 11th centuries, 
Vikings built ships strong enough 
to sail the stormy Atlantic Ocean, 
and light and slim enough to 
travel up shallow rivers. 


> CARAVEL eos Nee nnn ee 
The caravel was a ship for exploration, —: Sails are painted: vind 
: : Christian crosses 
invented by the Portuguese in the 
15th century. It had lateen (triangular) 
sails, which are much better at sailing 
into the wind than square sails. In ships like 
this, explorers found the sea route to India. 


A lookout sat 
in the crow's 
nest on the mast 


< GALLEON 


This 16th-century English galleon 
warship was also used in trading 
and exploration. It had several decks 
fi, With many openings in the sides of 

| the hull from which guns were fired. 
j European navies used the galleon 
until the 18th century. 


t 
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The stern post was 
carved into the 
shape of a swan’s 
neck for luck 


> ROMAN MERCHANT SHIP 


The Romans built merchant ships 
with big, round bellies that could 
store large amounts of cargo. This 
shape made them stable, but very 
slow. They were usually safe from 
attack, because the Romans had rid 
the Mediterranean Sea of pirates. 


' 


- 
¥ 


< ARAB DHOW 


Since the 8th century, Arab merchants and fishermen 
have crossed the Indian Ocean in dhows. They 

sail with the monsoon winds, trading goods 
between India and North Africa. 


—_— 


A pair of lateen 
(triangular) sails 

could catch 
side winds 


Ra 
i Sail made from o 
F fibermatting 4% o 
f \ + 
f $ 


\f 


> CHINESE JUNK 


The stern-mounted rudder, easier to 
control than a steering oar, was invented 
by the Chinese, 2,000 years ago. Chinese 
ships, called junks, could have up to nine 

masts, and were the largest wooden sailing 
ships in history. 


ippers had dozens 
of sails, 
them very fast 


j 
+ 


> CLIPPER 


The clipper was a 19th-century 
trading ship with a long, slim hull Y 
and multiple sails. The name “clipper” 
was originally a nickname for a fast 
horse. British and US clippers sailed all 
around the world on trading journeys. 
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WAR ] BOW AND ARROW 


The bow and arrow, invented more than 12,000 
years ago, is one of the oldest weapons used in war. 
There are various types. The longbow was often used 
by foot soldiers, while this short Mongo! bow is 
designed to be used from horseback. 


Throughout history, wars have 
broken out between tribes or 
nations over land, resources, 
and status. Methods of fighting 
changed over time, as people 
invented new, deadly weapons 
to fight with and improved ARMOR 
ways of protecting soldiers 


: ee : The earliest soldiers wore armor made from wood, 
from injury in battle. 


leather, and bone. After people discovered how to 
work metals, soldiers could wear armor made of mail 
(interlocking metal rings) or metal plates. 


Leather helmet > i ~ 


Mace ty 
(heavy club) Namarmacte A disk called a Slits in the visor 
was used to Oehardancd “besague” protected allowed the 


wearer to see 


strike down 
and breathe 


enemies 
fleeing 
on foot 


leather plates the armpit l 


sewn together 


Sword used 
to stab at 
weak points 
in enemy's 
armor 


Light and flexible 
| armor allowed 


s ) "the knight to 
; move freely 
¥ 
i 


Even the 
\ knight's feet 
were covered 


ines 


rm 
¥ 


| 
} 


Dagger and * by armor 
ornamental 4 
Red leather quiver could scabbard 2 
hold up to 60 arrows (holder) ¢ 
A eee archer In the 13th century, Mongol. A Medieval knight European knights saw warfare 
warriors ne east Asia conquered the largest land as a way to win honor. Knights wore expensive suits of 
empire in history. They fought on horses, using armor to protect themselves and as a display of wealth. 


bows and arrows. 


as . re 


SWORD 


Swords are weapons for close combat (hand-to- 
hand fighting). They have a point for stabbing and 
one or two sharp edges for slashing. A crossguard 
above the hilt (handle) prevents the user’s hand 
from sliding down onto the blade and protects 
it from an enemy's sword. 


f The shako (hat) gave x 


little protéction, but 
made the soldier look 
taller 
Sewing kit for 
repairing uniform 


for chopping 


Short / 
swordwas . Bayonet / 
of limited | (knife that 
use in battle, attaches to 

he end 
but useful the en 


of a gun) 


wood in camp 


Musket 


_ Ammunition able to fire 


pouch with just three 
fitting for times per 
carrying minute 


bayonet 


Shoes had metal studs 
to make them sturdier 


A French infantryman In the Napoleonic wars 
(1803-15), soldiers marched in ranks to the beat of 
a drum. At a signal, one line all fired their muskets. 


Ke SS 


FIREARMS 


Invented in China in the 14th century, firearms 
(portable guns) increased a soldier's ability to kill his 
enemy from a distance. These weapons ended the 
age of the knight, whose expensive armor could 
offer little protection. 


CAMOUFLAGE 


In the 20th century, brightly colored uniforms 
were replaced by clothes that helped soldiers blend in 
with their surroundings. Colors and patterns like the 
green and black stripes on this uniform are known as 
camouflage, from the French camoufler (to disguise). 


Life jacket 
inflated when 
paratrooper 
landed in water 


Helmet 


Rifle fired 
eight 
shots 

before 
needing 
to be 
reloaded 


Protective gloves 


“@nade 


é. 


Ammunition clips Belt to hold extra 
for reloading rifle ammunition clips 


amas 


A US paratrooper !n World War II, some soldiers 
attacked the enemy from the air. They leaped from 
airplanes wearing parachutes, landing behind 
enemy lines. 


e, 
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INDUSTRIAL ae 


endured hot, 
humid conditions 
and air thick with 
cotton dust 
From the late 18th century, the invention of 
machines that could do things faster than ever 
before brought dramatic changes in the way 
people lived and worked. Known as the Industrial 
Revolution, these changes took root in Britain 
and quickly spread to Europe and the US. It 
began in the textile industry, with new machines 
powered first by water and later by steam. This 
led to a huge demand for coal, to fuel the 
engines, and iron, to make the machines. New looms forweaving cotton into clowhmwere 
towns sprang up as farm laborers moved from poweredbya sfeam enigineandithe noisa 
the countryside to work in the factories. they made would have been deafening. 


A FACTORIES 

Huge buildings, called factories, were 
constructed to house the new machines, 
row upon row. Machines, such as these 


A 


Woolen shawl ee i 


Woolen shirt 


> FACTORY WEAR 
Factory owners preferred 
to hire women and children 
rather. than men, because 
they were cheaper and 
easier to discipline. Women 
in the factories wore heavy, 
durable clothes, which were 
products themselves of the 
Industrial Revolution’s 
textile boom. 


> RAILROADS 

In 1804, British inventor 
N Richard Trevithick built the first steam- 
i powered locomotive. Early locomotives 
carried coal from mines. From 1825, 
Passenger trains were built, and armies 
of workers lay down railroad tracks. 


“Puffing Billy,” built 

h in 1813-14, is the 
world’s oldest surviving 

steam locomotive 


Skirt made from thick, 
coarse cotton fabric 
called muslin 


Jas [amiga Are 


Leather boots studded with 


hobnails for durability 
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A NEW TOWNS 


In the factory areas, villages grew into huge towns 
almost overnight. Workers’ houses were built as cheaply 
as possible, and they were often crammed closely 
together. The industrial towns were dark places, where 
the air was filled with smoke from the factory chimneys. 


Plans for a new method A INVENTIONS 


Z BP ae The driving force of the 
Henry Bessemer in 1855 Industrial Revolution was 
the rapid development of new 
ideas, methods, and machinery. 
Newly invented steam engines 
were used to power innovative 
new machines that transformed 
the mining, textiles, and 
metalworking industries. 


Vv DISEASE 


People lived crowded together in the 
new factory towns. They had no proper 
sewers, garbage collection, or clean 
drinking water. Diseases like cholera, 
typhus, and typhoid often swept 
through the towns, killing thousands. 


Medicine box 
used to treat cholera 
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Smallpox caused 
Painful raised 

blisters, which left 
Scars behind after 
they healed 


> FLU PANDEMIC 
A widespread outbreak 

of disease is called a 
pandemic. The worst case 


4 SMALLPOX 


in history took place in 
1918-20, when a deadly 
strain of flu spread around 
the globe, killing 50-100 


Smallpox was a 
blind, and even 
flu or the comm 
by a virus, a min 


disease that could scar, 
kill its victims. Like the 
On cold, it was Caused 
ute agent that can 


million people. Face masks 
were widely worn, for it 
was correctly understood 
that flu is spread by ; 
coughs and sneezes. | 

& 


DISEASE 
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< VACCINATION 
A vaccine is a weak form ofa 


disease that helps the body 
fight a more serious disease. 
English doctor Edward 
Jenner realized that people 
who caught cowpox (a mild 
form of smallpox), did not 
get the deadlier disease. !n 
1796, he injected eight-year 
old James Phipps with pus 
from a COWpOX blister. When 
he later tried to infect the 
boy with smallpox, James 
did not catch the disease 
and the first vaccine 
been created. 


=? Ny poe 
A SANITATION 


The 19th century saw 

aig in Europe. stats aeatah 

Bae A fit by building proper 
SHS Bncrck oe no 

ai er.Th 
ore pede took Sates | 
esa - Cholera is still a probl / 
an outbreak in Iraq in zo 


had 


a 
SY 
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Before money existed, people traded by bartering, or 
swapping different goods. The problem with bartering 
was that each trader had to want what the other 


EGYPTIAN 
HOARD 


In ancient Egypt, 
payments were made 
with various metals and 
their value was based 
on weight, not shape. 
This resulted in a wide 
array of bars, rings, and 
pieces of gold, silver, 
and copper. 


BURMESE 
WEIGHTS 
During the 18th 
century, silver weights 
called “flower silvers” 
were used as money in 
Burma (now Myanmar). 


Liquid silver was poured 


into a mold and a floral 
pattern was added. 


¥ 


trader was selling. Money was invented as a medium 
of exchange—something with a recognized value 


Gold doubloons 
made by the 
Spanish invaders 
of Central 
America 


that could be used to buy other goods. Money is 
usually made of rare materials, such as precious 


metals or colorful feathers. The first written 
records of money date back to Mesopotamia 
(now in southern Iraq) where weighed silver 


was used about 4,500 years ago. 


6 CHINESE 
COINS 


In 500 sce, bronze 
coins in China were 
made to resemble 
tools or the cowrie 
shells of an earlier 
currency. The shapes 
were so awkward 
they were replaced 
by circular coins with 
square holes. 


FEATHER 
MONEY 0) 


The Pacific Islanders of 
Santa Cruz used long 
coils made of feathers 
to buy canoes. The 
brightest and boldest 
feathers had the 
highest value. 


5 BANKNOTE 


Paper money has its origins in 10th-century China. 
Handwritten receipts provided by merchants gained 
such importance that the government started printing 
paper receipts for specific amounts. 


) 


8 STONE MONEY 


Heavy currency was 
used by the islanders 
of Yap in the Pacific 
Ocean. The huge stone 
disks they used to pay 
for items were often 
too weighty to lift, 
some measuring 
12 ft (4 m) across. 


10 CREDIT CARDS 


First used in 1920s 
America to buy gas, 
plastic credit cards are 
now a part of everyday 
life. Issued by banks 
and businesses, cards 
are a convenient 
alternative to cash. 


Tobacco leaves were the currency for 
the British settlers in North America 
in the 17th and 18th centuries 


At different 
times in history, 
cowrie shells 
have been used 
as payment in 
China, India, 
and Africa 


oo Rao 
as “ 
ne ai Shells stored in 
"¢ wicker containér 


‘WSpeng i iy 


Lif) 
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Red feathers were 
woven into rolls 
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@ BANCO DI 7 


an Rain 


- SPIRITO DI ROM, 
: La presente Cedolaygnlj ROMA & 
A Moncta Rom 


ce 


fen 


This bank note 
from Rome was 
issued in 1786 


Japanese ingot coins in the 
ke 17th century were hammered 
a gold or silver bars 


> Embedded “Soa 
© 4. microchip acts 
@_...) asacomputer 


. Up-until the 
=17th cenitury,.. 


silver rings Lay 
‘were the ae 

method of inetig feces to 

» payment in car 
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20TH CENTURY 


The 20th century saw more changes in the way people lived 
their lives than any other century. Among the century’s 
many new inventions were television, computers, the 


internet, and nuclear power. The century began with pein 
the first airplane flight, lasting just 12 seconds, in 1903. ree uct 
By 1969, US astronauts had flown to the Moon 4 Protests BA 
and walked on its surface. The 1960s saw many ‘a 
é egan after 
people march in World War Il 
antiwar protests. : 
CONFLICTS Worlds Most Convenient Ri 


World War | (1914-18) left 20 million dead, 
mostly young soldiers. Military air power 
during World War II (1939-45) made cities 
vulnerable to attack. Around 60 million 
people died, many of them civilians. 
This was followed by the Cold War, 

a long standoff between the US 

and communist USSR. 


UN The United Nations (UN) is an 
international organization that was 
set up in 1945 to help prevent wars. 


Cold War emblem The hammer 
and sickle was the emblem of 

communist Soviet Union, the 
US's Cold War rival. 


The hammer and sickle 
signifies the unity of 
peasants and workers 


Gas masks These were issued to 
soldiers in World War |, and to both 
soldiers and civilians in World War Il. 


LOOK TO HOTPOINT FOR TE 


rere: > me 


ENTERTAINMENT AIDS From the 


Radios were invented at the beginning of the century, and the 1980s onward, 
1920s saw the arrival of radio broadcasts. In the 1930s and 1940s, a terrible new 


disease called 
AIDS claimed the 
lives of millions 
of people around 


going to the movies was the most popular leisure activity. In the 
1950s and 1960s, the popularity of movie theaters waned, as 
people stayed at home to watch the new invention, television. 


Walkman In the 
1980s, the personal 
cassette player let 
people listen to 


Television Early televisions Radio In the early music on the move. eo 
were small and showed part of the century, 

only grainy black-and- the whole family ‘ 

white pictures. would sit around fare Many, 


countries faced 
humanitarian crises. 


Gramophone 
The first record 
players were 
powered by 
turning a handle 
at the side. 


listening to the radio. 


/ Movies People flockéd to 
movie theaters to watch 
_ their Hollywood idols. 


20TH CENTURY ee 


F 7 | 
DOMESTIC LIFE 


Many new labor-saving 
devices were invented for the 
home, including refrigerators, 
freezers, washing machines, 
dishwashers, and vacuum 
cleaners. The ability to stop 
food from decaying by 
freezing it enabled food to be 
transported greater distances 
and allowed people to buy 
and store it in bulk. Shortly 
after, precooked frozen 

meals emerged, changing 
mealtimes forever. 


TV dinner Prepackaged 
meals could be heated, 
then eaten while ; 
watching television. 


Apartheid 
Nelson Mandela 
led the successful 
struggle to win 
equal rights 

for black 

South Africans. 


ISSUES 


The world’s population rose 
from 1.65 to 6 billion people 
during the century, with a 
widening gap between rich 
and poor nations. There was 
inequality between men 
and women and people 

of different races. 


Votes This medal was given 
to a female hunger striker 

_ inthe UK ave 
for the vote 
for women. 


hi. 
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TRAVEL 


. 


~ The developments in transportation in this 


entury allowed people greater freedom to 
travel. Millions of families bought cars and 

new highways were built to make journeys 
faster. The air travel industry really took off 
from the 1930s. Journeys, which before 
the airplane would have taken days by 
rail or sea, could now be completed in 


a matter of hours. 


Bikini A week in the sun ona 
foreign beach became a regular & 
vacation event for many. ee 


Souvenirs As 
overseas travel 
increased, many 
countries came 
to rely on tourism 
for income. 


xEW YORK City 
— 


— 


——e 


WORK 


+. Globe Faster 
transportation 
opened up 
the world to 
more people. 


Air travel 
Cheaper air 
travel allowed 
many families to 
travel overseas for 
foreign vacations. 


The role of women in the workplace greatly changed during the century. 
Women had limited career options in the early decades, but gained more 
employment rights and opportunities as the century progressed. The 
workplace was also transformed by new methods of communication, 
including the computer and internet. New technologies led to automated 
factories, reducing the need for manual labor. 


Computer technology 
_From the late 1970s, 
personal computers 
began to revolutionize 
the workplace. 


Telephone Improved 
communication 


* technology enabled 


remem = 


businesses to 
_ go global. 


Women in the workplace 
In the 1970s, women fought 
t for the right to the same 
work opportunities and 
pay as men. 


Typewriter For 
much of the century, 
office workers used 
typewriters to write 
documents. 


ee ee oe 2 ae 
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QUICK QUIZ 


What can you remember about History? 
Jot down your answers, then check them on pp.296-97. 


@ Which of these @ The first civilizations were @® Generally 
was not used by created more than 5,000 thought to 
: ; years ago. What are the be blind, this Greek 
prehistoric people people who built the A 
to make tools? first cities in southern poet wrote two epic 
@ Bone Mesopotamia called? poems about the 
© Stainless steel @ The Mixtecs legendary Greek war 
@ Stone Oma ny against the city of Troy. 
@ The Incas ; 5 
@ Iron @® The Sumerians What was his name: 
@ The stern- @ Roman merchant ships ~@ln the middle 
mounted were usually safe from ages, windows 


attack. Why? 


rudder was @ baie te oman in farmhouses 
invented 2,000 cleared all the pirates from did not have 
years ago. the Mediterranean Sea glass. Why? 

; , © Bécause the ships carried a 
Which people powerful weapons @ Glass wasn't invented 
invented it? @ Because the merchants _ . back then 

were trained fighters BY} It was too expensive 


© Because the ships were slow 
and hardly ever made it too @ It made the farmhouse 


far from the harbor too hot 


a Match the arms used 
by Mongol archers to 
their names: 


@ In the 14th century, 
some doctors. wore 
birdlike masks. What 
was the purpose of 
these masks? 

© To make it easy for people to 
identify them 

© Stuffed with herbs, the masks 
were believed to ward off 
the plague 

© Doctors who were ill wore 

‘ these masks to prevent 
the infection from spreading 


© Scabbard 
@ Quiver 


© Bow 


QUICK QUIZ 
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* 


9) This is a knife used by the 19 Inti was one of the 


Aztec priests. What was most important gods 

it used for? \ worshiped by the Incas. 
@ Cleaning their fingernails What does Inti mean? 
© Cutting out the hearts § @ TheSun 

of prisoners of war a © The Earth 
fc) Chopping fruits and fi @ The Moon 

vegetables 1 © Fire 


© Stoking a sacrificial fire 


12 |In ships like these, 
explorers discovered 
the sea route to India. 
What were these 
ships called? 

@ Clippers 

© Galleons 

@ Caravels 

© Merchant ships 


iD This belt, known asa 
wampum, was used 
instead of money by Native 
American tribes. What was 
a Wampum made of? 


® This is a shako, a hat used during the 
Napoleonic wars. It gave little protection, 
so what was its other purpose? 


@® Agun was kept under it to use in an emergency 
© |t showed the soldier's rank 

@ The soldier could pull it down to cover his eyes 
© |t made the soldier look taller 


ar iat 


as 


ee 


@ Built in 1813-14,1am the 
world’s oldest surviving steam 
locomotive. What is my name? 


i> Between 1918 and 1920, 
a terrible pandemic 
claimed the lives of 
50-100 million people 
around the world. The 

. disease still exists 
today. What is it? 


HISTORY 


FAST FACTS 


An early writing system called cuneiform 
was developed in Mesopotamia (part of 
modern-day Iraq) around 3,100 sce. It was 
written by making wedge-shaped marks 
on clay tablets. 


Modern humans settled in 
Australia at \east 10,000 years 
before they reached Europe. 


King Pepi ll became king of Egypt in 
2,275 Bce at the age of just six. He ruled for 
94 years, until his death at the age of 100. 


The minimum period of service 
for legionaries in the Roman 
army was 25 years. 


About 2,000 years ago, traded goods 
from China began to reach Europe 
and Africa along a route that became 
known as the Silk Road because silk 
was one of the goods traded. 


In 1519, the Aztec capital 
Tenochtitlan had a quarter of a 
million inhabitants. It was five times 
larger than London at the time. 


Of the 270 crew members who 
set out from Lisbon with Ferdinand 
Magellan in 1519 to sail around 
the world, just 18 completed the 
journey. Magellan himself died 
halfway through the trip. 


The Inca thought of gold 
as the sweat of the Sun, 
and silver as the 
tears of the Moon. 


The Inca empire covered 

350,000 sq miles (900,000 sq km). 

In 1532, it was conquered by Spaniard 
Francisco Pizarro and just 168 men. 


The first ever female head of state was Queen Merneith, 
who ruled ancient Egypt around 3,000 Bce. 


The Roman Empire reached its greatest 
extent in 117 ce, when it stretched from 
Britain in the northwest to the Persian 
Gulf in the southeast. 


The Roman legal system is the 
basis for the laws of all countries 
in Europe and Latin America. 


The gladiator Spartacus led a revolt 
of more than 100,000 slaves against 
the army of the Roman 

empire in 72 sce. 


climbed Mount 
Cameroon in 
Africa on her own 
in 1895 when local 
guides refused 

to take her. 

The first English-speaking colony 
in North America was set up in 


1585 in Roanoke in North Carolina. 
It only lasted one year. 


The Aztecs used cocoa beans as a form of money. 


14*-century 
Arabian explorer 


Ibn Battuta 
traveled 73,000 miles 


The Islamic calendar started 
in 622 ce. It uses a year thatis 11 
days shorter than a full solar year. 


Greenland was 
given its name by 


Viking chieftain 
Erik the Red around 


1000 cE in an attempt 
to attract settlers. 


In the census called 
the Domesday Book 
carried out in 1086, 
10 percent of the 
population of England 
was listed as slaves. 


(117,000 km) and visited ae. ane: 
j olynesian sailors 
every Islamic country crossed the Pacific Ocean 
- in the world. 1,000 years ago, using charts 
E Nn g | IS h made of sticks to find their way. 
explorer The ancient Chinese 
Mary Kingsley invented many things. 


The so-called “Four Great 
Inventions of Ancient China” 
were paper, the compass, 
printing, and gunpowder. 


Between 1760 and 1840, 4,300 miles 
(7,000 km) of canals were built in 
Britain to carry goods from the new 
factories around the country. 


Zimbabwe is named after the 
ancient city of Great Zimbabwe 

in southern Africa, built of stone 
between the 11" and 15" centuries, 
but then mysteriously abandoned. 


People first settled in North America 

around 20,000 years ago. They walked 
across a land bridge that connected 

northern Siberia with Alaska. 


The United States bought Alaska from Russia in 1867 for $7.2 million. 


« 


The Statue of Liberty was a present 
given by France to the US in 1877 

to mark the 100" anniversary of 
the American Declaration 


FAST FACTS 


The earliest written constitution still 
in use in a country today is that of the 
tiny European state San Marino. 

It dates back to 1600. 


In the first factories and mines of the 
Industrial Revolution in Britain, 
children as young as five 


Japan's ked 16-hour shift 
of Inde endence. worked 16-hour shifts. 
P monarchy 
Between 1848 and 1855, In the year 1900, dates from 660 BCE to 
about 300,000 people went one-quarter of the : The Hundred Years’ 
the present day, during — Warbetween 


population of the world 
lived under British rule. 


to California to find their 
fortunes in the Gold Rush. 


Approximately 13 million 
soldiers from Russia were 

killed in World War Il_ more than 
all other countries put together. 
More than 1 million died in the 
siege of Stalingrad alone. 


The longest reigning 
head of state is currently 


King Bhumibol 
of Thailand, who came 

‘ King Richard Il of England (1367-1400) 
to the throne in 1946. threw extravagant parties for as many 
as 10,000 people at a time. 


One century ago, Ethiopia was 
the only country in Africa that 
was not ruled by a European 
power. All African countries are 
now independent from Europe. 


The Viking law court 
was called the Thing. 


In the 13" century, Constantinople 
and Baghdad were the largest cities 
in the world, with about 1 million 
inhabitants each. 


In medieval Between 1793-1794, at least 1 7,000 
people were executed in the nine-month- 
long "Reign of Terror" during the 

European courts, French Revolution. 

animals could be The Black Death, an 
outbreak of the bubonic 

: : plague, reached Sicily 
tried for crimes. in southern Europe in 


1347. Less than three years 


which time there have 


been 125 
emperors. 


Of the 
seven wonders 
of the ancient world, 
only the Great 


France and England 
actually lasted 
116 years, from 
1337 to 1453. 


In 1783, a sheep, 
a duck, anda 
rooster became 
the first aircraft - 
passengers when 
they flew in the 
Montgolfier 
brothers’ hot- 
air balloon. 
The Great Plague of London 
was ended in 1666 by the 
Great Fire of London, 


which burned down 
the affected areas. 


Ghamdan Palace 
in Sana’a, Yemen, 
built in the 3" 


ieee had oth . ° century cE, May 
Aswarm oflocusts (ae nadspreadiotre == Pyramid of GiZd... be the worlds 
(3,500 km) to the north. Still exists. first castle, 


was once convicted, 
The toilets of 


16th-century English homes 
were cleaned by a worker 
called a gong farmer. 


in their absence, of 


illegally eating crops. 


The Great Wall of 
China, built to protect 
China's northern border, is 
4,000 miles (6,500 km) long. 


Tan se > 


a ETE 


PICTURE GALLERY 


David Teniers’ 1651 painting Archduke 
Leopold Wilhelm in his Picture Gallery 
features one of the greatest art 
collections of the age, which numbered 
1,300 works. The archduke governed 
Southern Netherlands (Belgium). 


_ ARTAND CULTURE 


ART 


x ’ a 
‘ | 
Some artists seek to create a 
beautiful object, others use 
art to reveal something about 


wf 
‘ 


the world. In the past, art also 
served a religious or magical 


or mystical purpose. Styles of The first art This carving of Tomb art Egyptian painters showed 
art vary widely, and artists from a pregnant woman, found in each part of the body from its most 
different cultures have shown Austria, was made 25,000 years distinctive angle. Heads and limbs 
the human form in many ago. Her hair is shown in detail, were viewed from the sides, with 
different ways. yet she has no facial features. eyes and torsos shown from the front. 


a 
4 


1 | 
Mona Lisa With her Royal portrait German artist, Self-portrait Dutch Indian art This painting, 
mysterious half-smile, this | Hans Holbein, was court painter artist Rembrand van Rijn made in 1770, is nota 
is the world’s most famous to Henry VIII of England. His (1606-69) painted 60 realistic image, but follows 
work of art. It was painted 1539 portrait of Henry's son, self-portraits to experiment set rules. The athletes’ heads 
in 1503-7 by Italian artist | Edward, shows the clothing with techniques and to are shown in profile while 


Leonardo da Vinci. in great detail. document his life. their chests face out. 


Emotion art In The Scream New forms Spanish artist Art Deco Polish artist Self image Mexican artist, 
(1893), Norwegian Edvard Pablo Picasso (1881-1973) Tamarade Lempicka Frida Kahlo.(1907-54), 
Munch aimed to express took the human form (1898-1980) belonged painted self-portraits using 
emotion rather than depict apart and reassembled to the Art Deco 


scenes drawn from fantasy. 
a real scene. it in startling ways. movement, which saw 


art as purely decorative. 


Terra-cotta Army In 209 sce, more 
than 8,000 life-sized pottery figures 
of soldiers were buried to guard the 
tomb of China's first emperor. Every 
soldier has different features. 


ARS 
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Prayer book Medieval European art African mask These 
often served a religious purpose. This elaborate works of art 
illustrated book depicts the Virgin were worn for ritual 
Mary holding the baby Jesus. dances, when the wearer 


*, 


Japanese print In 1794, Brush strokes Like Rembrandt, 
artist Toshusai Sharaku Dutch artist, Vincent Van Gogh 
made this woodcut printof (1853-90), painted many self- 

an actor named Otani Oniji. _ portraits, 30 of them in the last five 
He is shown performing years of his life. He had a loose style, 
the role of a villain, with each brush stroke visible. 


grimacing threateningly. 


Sculptural curves Reducing human 
figures to simple curving shapes was 
a specialty of British sculptor Henry 
Moore (1898-1986). 


communicated with spirits. 


Impressionism French artist Edgar Degas 
(1834-1917) founded an artistic movement 
called Impressionism. Its goal, shown in 
this painting of ballerinas, was to capture 
changing light and movement. 


Pop art Andy Warhol (1928-87) Cartoon art US artist Keith 
used subjects drawn from popular Haring (1958-90) started 
culture. In 1962, Warhol used a his career as a graffiti artist, 


photo of movie star Mari 
to make this screenprint. 


lyn Monroe drawing cartoonlike figures. 
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ARCHITECTURE 


The art and science of designing buildings 
and other structures is known as architecture. 
From early times, people designed buildings 
both for practical reasons, such as shelters to 
live in, and religious reasons, such as stone 
tombs and places to worship the gods. Over 

_ the centuries, architecture has evolved to 
become an art form using high-quality 
materials to create ever more daring designs. 


A 


KUNSTHAUS GRAZ 

Nicknamed “the friendly alien” by locals, 
this Austrian art museum, completed in 
2003, has a blue outer skin of acrylic glass 
that can display images and animations. 
Inside, two large spaces can be adapted 
to display different exhibitions. 


Pointed gables were often 
decorated with carved 
‘crosses and dragon heads, 
like those on Viking ships 


The church is 
coated with a 
mix of tar and 
oil to preserve 

the wood 


In 2005, some panels were 
sanded down after nearby 
residents complained about the 
glare and heat of reflected light 


The lower classes sat 

in the top levels, while 
the nobles sat close to the 
action on the lower level 


> 


Triangular windows set in seven 
silvery arches under a spire 
crown the top of the building 


THE COLOSSEUM Ag 
The first permanent amphitheater > ny & 
in Rome, the Colosseum was | S 
completed in 80 ce. It is amazing | S 
not only for its size but also for its | SS 
design. Up to 50,000 spectators A i j ~ 
poured safely in and out of 80 doors f | oe 
to watch all-day gladiator battles y it cS 
and other public spectacles. AMS 
| 4 i it y, SS 
yi AR 
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Nozzles on top 
of the building 
let natural light 
flood the museum 
galleries 


uf 
YI 
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out in the day. At 
night it is lit with 


ARCHITECTURE 


DJENNE MOSQUE 


The largest mud-brick building in the 
world, the present mosque in Mali dates 
from 1909. The thick walls are coated with a 
smooth layer of plasterlike mud to even out 
the surface. Palm wood supports help people 
scale the walls to repair them each spring. 


Visitors travel up a spiral Three massive towers are REICHSTAG 

walkway in the huge topped with oval spires This building housed the German 
glass dome to take ina shaped like ostrich eggs, Republic parliament from 1894 until it 
panoramic view of the which symbolize purity 


burned down in 1933. When Germany 
reunited in 1990, the Bundestag (the 
new parliament) returned to Berlin. 
The original building was gutted and 
a new home built inside the old walls. 


Berlin skyline 


2 Wn “es » 


BURJ AL ARAB 


— Designed to resemble the sail of an 
1% Arabian dhow boat, this 1,035-ft- (321-m-) 
high luxury hotel in Dubai is one of the tallest 
in the world. Built on an artificial island off the 
coast, the Burj features a pair of wings spread 
into a V-shape to resemble a ship's mast. 


EL PALAU DE LES ARTS 


This Spanish opera house is part of 
a complex of museum buildings near 
Valencia. It is set within landscaped gardens 
with reflecting pools and interlinked paths. 
The roof is made from a pair of curving steel 
shells clad in concrete and mosaic tiles. 


The opera house has been 
compared to an ocean liner, 
with its sleek exterior and Some 3,000 air-filled foil 
shiplike decks inside panels that form the exterior 

can be lit from within to 

match the home team’s colors 
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? ” Goon Luck 

S Yy Mi 34 @) L S ‘ People hoping to protect themselves 
bs _? from misfortune or evil may carry 

From a fire-breathing dragon to a four-leaf clover, Y : a good-luck symbol. It could be 

people use symbols—images, objects, and figures— a trinket, a piece of jewelry, or 

to represent abstract ideas or concepts. Symbols can something from dese Many — , 

best be described as something visible that represents iene or es ak coh eg ss 

something invisible. We use them every day without ee rokies es pte 

thinking about it. For example, our written language ; 

and numbers are made up of symbols. 


Saint Christoper Some 


Lunar New Year. 


eee Q Christians wear pendants 
RELIGION StarandCrescent —° tobring aes % showing the patron saint « 
Followers of different faiths can These are linked m Pesta : Ay ») of long journeys S 
express religious concepts, such with the Islamic va d pie ah cm * to protect them 
« as their idea of god, through faith and appearon wars eee YQ when they travel. gE 
; symbols. Religious symbols have __ the flags of many g ‘oS. % 


many meanings and uses and Muslim nations. a SG 
i N may be used in places of ‘ 

\\ worship or as part of other 
religious practices. 


White heather 


A . : Sr = Pies 
Regarded as a symbol Ld RL 


Apsaras This supernatural 
being represents the female 


Bo aa of good luck in * me 

; spirit in Hindu mythology. Scotland, some say es wy 
f heather grew on fa 
- battlefields where . 


Yin Yang This symbol of no blood had 


the Taoist belief represents beer shad: # F Four-leaf 
harmony and unity == eo 4 clover Most 
in the universe. >, gj \ have three 
ies ... Wheel of Law The eight spokes of G O leaves, $0 
"i this Buddhist symbol represent the nw $) ie. Uperstnon 
eight paths to enlightenment. has it that 
finding one by 
\ ¥ accident brings 
Horse shoe InEurope \ \¥ good luck. 
andthe US, hanginga \. C) 
horsehoe by the front door “ 
will bring good fortune. ~~ 2 
Star of David 4 “A " 
Named far iG 4 Crucifix This shows Jesus Evil eye 
5 paigar nies * Christ's death on the cross— This symbol is i 
this hashasn , a reminder to Christian meant to block a 
symbol of the worshipers of his sacrfice. curse sent by the 


nasty stare of an 
envious person. 


Jewish faith since 


medieval times. ° : z 
Anubis The ancient Egyptian god of the 


dead, Anubis led the mummification 
process and protected the dead. 
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SYMBOLS 


MYTHICAL BEASTS 


These creatures only existed in myths and 
legends, but they hold real symbolic meaning 
for many people. They may be created from parts 
_ of different animals, or mixes between human 
; and animal forms. Sometimes they can take the 
form of animals with incredible powers. 


NATURE. 


In many cultures across the world, members 
of the animal kingdom are chosen as 


symbols of a particular quality people é 


would like to have. When animals are used 
in this way they are known as totems. 


Eagle Seen as 4 
wise and majestic om Owl A symbol of death in 


Salamander This creature is sy eounes, a’ Fy - 4 some parts of the world, 
linked with fire and may from these usually 5 Z BS in other cultures owls 
represent the righteous are birds is are linked with wisdom. 

" who have escaped said to foretell 
a big event. 


the flames of hell. 


Snake Regarded asa 
symbol of evil in many 

’ cultures, it can also 

q © represent rebirth since 
, @ it sheds its skin. 


oe 26 
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Centaur In Greek mythology, 
this half-man, half-horse 
beast symbolizes the 
instinct of an animal 
with the judgment 
of a human. 


Carp This fish is a NS 
symbol of strength o \ 
in Japan and other 

parts of Asia, 
perhaps because 
it swims against 
the current of 


4 the river. @ 
ae 


Dolphin These are 8= 
seen as symbols of joy, 4 
love, and happiness. 


« 
Unicorn A horse witha 
twisted horn appears in 


Minotaur This ferocious 
creature from Greek y 
mythology has the body 
of aman and the head 
of a bull. It is a symbol of 
conflict between reason 
and animal instincts. 


~ 


& 
Beetl 
\* the legends of many peeve 
Fai Amulets carved 
» cultures. In China, it "y a) ices 
represents gentleness. Ky @ (a) esas WeehiEe 


ee $s were the most 


Toad The Aztecs thought = & powerful symbol 


the toad was a powerful symbol tin ancient Egypt 
of life and rebirth, while the @ e@ and were thought 


Chinese associate it with wealth. to give the wearer 
eternal life. 


Makara An aquatic 
creature from 


Hindu mythology, ~ Dragon This giant Monkey Three 

makara is part fish, ‘ beast, which features Japanese monkeys _ 
part crocodile. It strongly in Chinese symbolize the ,¢ 
symbolizes love. mythology, is a symbol principle “See no 


of power. It is said to evil; hear no evil; 
be able to spit fire. speak no evil.’ 
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LANGUAGE 


People communicate through 
language, whether the words are 
spoken or written down. Today, there 
are some 6,800 different languages 
spoken around the globe. Many more 
languages were spoken in the past, 
which have now been forgotten. 

The languages of the most powerful 
economic and political nations are 
spoken by millions of people. 


CHINESE 


More than a billion people are native 
speakers of one of the family of Chinese 
languages. Some 880 million people 
communicate in Mandarin Chinese, a 
group of dialects (language variations) 
from northern and southwestern China. 


GREEK 


This ancient language has used the same 
alphabet since the 9th century ace. Today, 
about 25 million speakers in Greece and 
Greek communities worldwide keep this 
language alive. 


¥ 


ARABIC 


Some 246 million people communicate 
with a dialect of Arabic, a family of very old 
languages closely related to Hebrew. The 
Qu’ran, the holy book of the Islamic faith, 
is written in Arabic. : 


HINDI | 
The family of languages spoken in northern and 
central India is known as Hindi. As well as 300 million 
native speakers, there are many Indians who use Hindi 
as a second language. 


PORTUGUESE 


This Romance language originated in Portugal, but 
spread to parts of South America in the 16th and 17th 
centuries. Today, it has 230 million speakers worldwide. 


The Hebrew alphabet 
uses 22 characters, written 
from right to left 


In early Greek writing, 
there are no gaps 
between individual words | 


Around 4,000 
characters are 
used in everyday 
written Chinese 


.__ EXhibei sik 


In this Hindi script, symbols 
are joined together by a 
horizontal bar 


LANGUAGE fea 5 


JAPANESE 8 
Used by 130 million people, the Japanese language 
can be adapted by the speaker to show respect to 
someone, according to their age and social status. 


Portuguese Written French In traditional written 

writing has 26 has five accent Spanish, 28 letters 

letters and five marks to indicate are used 

accent signs pronunciation : 9 BENGALI 


Also known as Bangla, this language is 
India's second most spoken language. Bengali 
is also used in other parts of southern Asia, 
with 230 million native speakers. 


BAYONNE] 
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a | a = Many Bengali ] ] LATIN 
“es q CS “characters 
Bend fora The language of the Roman Empire, 
combined Latin developed into the family of Romance 
consonant and languages, as well as lending its vocabulary 


ieee! sound to a number of other languages. 


ae ; : ms _ 3 | me 12 
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A Pdon habrabeinmatommus *, 
mer qui fanefupbiam-qm logue 
migua ri orrenrimefprm Oddy mam 

{ bee Manian méfacam omnes 
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13 ENGLISH 


This widely spoken language went global 
through British colonization. Today, there are 
400 million native speakers, and it is the 
most used language on the internet. 


{esr pemo® | - 


_ Written Russian uses the Cyrillic 
alphabet, a medieval system named 
after its inventor, St. Cyril 
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LITERATURE 


Any form of creative writing is called literature. 
It includes fiction, such as novels, poems, and 
plays, and nonfiction, including reference 
books, diaries, letters, and autobiographies. 
In all these literary forms, writers use 
their imagination to shape their 
material. They set out to convey 
information, ideas, or feelings in 
a ‘clear and informed way that will 
interest and engage the reader. 
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Crime and 
Punishment 
is a novel by 
Russian writer 
Fyodor Dostoevsky 


ef 
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Romance This popular fiction 
focuses on a love story between two 
people, usually with a happy ending. 
It may take place against a modern 
or historical setting. 


Crime This type of fiction 

covers the exploits of 

\ criminals and their 

crimes, and follows the 

detectives who crack 

/ cases and foil 
their plans. Z& 


Science 
fiction 


inat 5 
writers May oe e ys some Authors may use 
are alW ion can ientific f 
ayents, the! 5 of fictio scientific fact and 
that are M4 pane novels ond modern technology to g- 
include short stO te 4st 60,00 explore and imagine | 
stories contal ing a plays an alternative world, | 
an : 


words), poems, 


LITERATURE 
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A CHILDREN’S BOOKS 


Today, young readers enjoy 4 huge 
range of literature, both fiction and 
nonfiction. Writing for children is a 
specialized area, and authors often 
work alongside illustrators to get the 
story across effectively. In general, 
children’s books follow the adventures PAR 
of a main character who is similar es quent 
age to the reader. The storyline may 
also introduce the reader to challenges 
in their own lives, such as bullying 
al or a bereavement. 


MEDIA 3 


The many ways people seek to communicate information to a 
large audience are known as the media. This communication 
can be in written, spoken, printed, or digital form. Throughout 
history, leaps in technology from the invention of printing 

to growth of the internet have led to better, faster ways of 
reaching people. Today, information can be relayed 

around the globe in seconds. 


This book is a media 
@ product and was created 
using digital technology 


Lv 


A DVD stores a / 
data ona disk Laptop — 
read bya laser computer 


Digital music 
player Newspapers are 
usually printed on 
inexpensive paper 
called “newsprint” 


Microchip 
technology enables 
small, handheld 
gadgets to perform 
multiple functions 
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A TELEVISION 5 GLOBAL NETWORKS 
Since the early broadcasts of the Media is a global business. The majority of the 
1930s, television has brought news and world’s media outlets are controlled by just a handful 
entertainment to a wide audience. Today, of international companies. Satellites orbiting the 
DVD players allow people to watch movies Earth transmit television broadcasts around the world. 


at home, and viewers can chose between 
hundreds of television.channels and 
record, pause, and rewind live broadcasts. 


High-definition 
flat-screen ve 


6 RADIO 


In 1938, a radio 
dramatization of The 
War of the Worlds in 
the United States 
convinced many 


A satellite dish 
attached toa 
building receives 
signals from an 
orbiting satellite 


listeners that an 
actual Martian 
invasion Was In 
progress. Today, radio 
stations still fill the 
airwaves with music 
talk, news, and drama. 


Digital radios deliver 
high-quality sound 
through a digital signal 


Magazines 
are usually 
printed on 
glossier 
paper than 
newspapers 


) ESCIENCES 
AVENIR 


© GRANDES Quer 
Le temps existe-t-i 

La tin des civilisatio 

Le réchauttemont clim: 

9 milllards d’hommes sur 
Décrypter le cerve 


Avant le Big Ba! 
La vie extraterres! 
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PHOTOGRAPF 


Photography is a method of making pictures 
of the real world by capturing light from 
objects. Light can be captured on film—a 
sheet of plastic coated with light-sensitive 
chemicals—or by an electronic sensor. Since 
cameras were invented, in the early 19th 
century, photographers have changed 

the way we see the world. They have shown 
us the wonders of nature, microscopic 
bacteria, the horrors of war, distant galaxies, 
sporting triumphs, and family portraits. 


The speed of the shutter 
catches individual 
drops of water 


A ACTION 


Modern cameras are very 
sensitive and can open and 


close their shutters in a fraction 


Sepia, a brown pigment 
derived from cuttlefish, made 
printed photos more durable 


> PORTRAITS 


Before photography was invented, 
only the very-rich could afford to 
have portraits painted by artists. 

In the early days of photography, 
people wore their best clothes to 
strike a pose in a photographer's 
studio. Today, family photo albums 
chronicle birthdays, vacations, 
weddings, and everyday life. 


> LENSES 


Cameras work by 

focusing light from 

objects using curved 
pieces of glass called 
lenses. A zoom lens (above) 
uses an assembly of several 
lenses. By adjusting their 
distance from each other, 
the photographer can 
zoom in on distant objects. 


of a second. This allows them 


to freeze a moment in time, 


showing a soccer player scoring 
a goal or a swimmer powering 


through the water. 


A ADVERTISING ART 
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The photos we see most 
often are ads, blown up 
on street billboards and 

in glossy magazines. These 


photos are often “retouched” 


so that the models look 


more perfect. In a lipstick ad, 


teeth can be whitened 
and lips made to shine. 


Collapsible 
bellows allow 
the lens to be 
folded back into 
the camera 


A EARLY CAMERAS 


The first cameras, developed in 1839, 


were large boxes, which had long 
exposure times (the time needed for 
photographic film or an image sensor 
to be subjected to light). Early sitters 
look stiff and uncomfortable, as they 
often had to hold a pose for up to 20 
minutes. Over time, cameras became 
smaller and more sensitive to the light. 


PHOTOGRAPHY 


- 


flies. A macro lens can only focus 


Like painting, photography is used to 
record beautiful and often dramatic 
scenery. Some of the best landscape 


ae aes j Ina studio, a 

> MACRO : photographer 

This type of photography uses a ‘ can contra 
* * ie) 

special lens to take close-up = ah shot is lit 


pictures of tiny objects, such as 
ona limited area of an object. 


While this fly's eyes are in sharp 
focus, its body is blurred. 


vV LANDSCAPES 


A REPORTAGE 


photographs are takeh either in the 
hour after sunrise or before sunset. Photojournalists are reporters who use 
The Sun, low in the sky, bathes the pictures, rather than words, to tell news 
world in a warm golden glow. stories. Armed with their cameras, they visit 


war zones and scenes of natural disasters, 
such as floods and fires, often risking 


ict : Lights on : 
their lives to bring back photographs Stench SER 

This “portrait” that will tell an accurate story. be raised 
view is unusual and set at : 
for landscape different : 
photography, angles 
which gave Vv DIGITAL CAMERAS : 
is peer Modern cameras contain computers, which 
sedieds y record images electronically rather than on film. 


photos 


Photographers with digital cameras can take as 
many pictures as they want without wasting ) 
film. Images can also be sent easily over the ) 
internet from one computer to another. 


A FILM CAMERAS 


Early cameras used heavy metal 
or glass plates. The roll of film, 
invented in 1888, made cameras 
both smaller and cheaper. The 
image was captured on the film 
in reverse, as a negative, which 
was used to print positive copies 
on paper. 
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Vv SILENT Vv WESTERN 

Until the late 1920s, the Set in the tough American West, 

technology to add recorded these movies captivated huge 

sound to movies did not exist. _ audiences in the 1950s and’60s. « | From 1895, when the Lumiere brothers 
Instead, bits of dialog or key Westerns tell of cowboys, outlaws,‘ first delighted French audiences with 
story points appeared as words gunslingers, and good guys as they their “moving pictures” to today’s 

on screen, and actors relied faced the challenges of frontier life. multibillion-dollar film industry, 


on body language. Live piano 
music helped to set the mood. 7 


movies have become a popular type of 
entertainment, an important art form, 
and a way to shape people’s opinions. 
| The “magic”of movies is that they are 

_ created from a series of individual 
images shown in rapid sequence. 


vV HORROR 


These movies are created to terrify and 
shock the audience. In a typical horror film, 
characters must overpower evil—be it a 
monster, a ghost, or a serial killer. Horror 


Le CLINT STOO | | movies are usually violent and gory. 
CHAPLIN 
oe VAGABOND | PER Ol QUALCHE ._ =| TORN FROM “53 

x onto by EXPORT & INDORT FILM CO. Ine . DOLLARO iM PIU’ s: : S| THE. Tats b ry - 


-LEE VAN CLEEF- GMM MARA YOLONTE | =o S| THE WORTDTE ran = 
rh) a e - > 


CHARLIE 


Te 


33,1 


“PETER SANG CHT OPH ONNE FURNEAUX 2k lies 
— CAMERON 
MURPHY eas LITHGOW 


‘Ghcneune sANNEAU x 


LE RETOUR DU ROI 


A ACTION-ADVENTU RE 


Imaginati 2 and visually sturtning, These movies often foilow the exploits a ] ION ’ 
ence fiction an tasy allow of a/hero, with plenty of fast- d 7 reel 
oY tags a pace fe created when 
ref ture stunt work, chases, fistfights; and © is, ich rapid segiiattee ofdrawings , 
effects, and 7) Shootout From intrepid crime- fighters (or models) i is run together tog omen 
out < all » _.to special agents, these daring heroes’ the illusion of move | als 
We et Y always save t bday. 2 uses computer-gen 


Vv BOLLYWOOD 


v COMEDY ) 


From the early 1900s, Hollywood From slapstick to spoofs, audiences 
has been the center of moviemaking. have always loved comedy films. Some 
Today, more than 1,000 films ayear rely on the dialog for the laughs, others 
are made in India. Many are lavish, on physical quirks of the actors—or 
colorful Bollywood musicals (the a combination of both. These films 
name is from the “B” in Bombay, often have happy endings, even if 

the old name for Mumbai). they explore the darker side of life. 


| 


— an 


Tey. 1 Bhansali fim 


eo et og - Bite: i - 
“Fi << 
ai; 43 
The terrifying motion picture 
from the terrifying No.1 best seller. 


ROBERT 
ROY SHAW RICHARD 
SCHEIDER DREYFUSS 


SLi « 
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a 
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v DISASTER 


Asteroids hurtling to Earth,” | as 
shipwrecks, and earthquakes 

have all been subjects of disaster 
movies. Since the 1990s, the geet 
introduction of CGI special effects 
has made it easier to create 7 


visually spectacular disasters a* 
a ts 


, THRILLER it A MUSICAL b 

"Action-packed arid fas =paced, r hese-Asian-based act Ons ~~ sFeaturing singing and:dancing. 
thriller'movies créate audience _ «films feature spectacular fight as’part of the storytelling, 

tension as the hero tries to sequences using one or more musicals are often adapted — ns 
Son euiteniversary Some of the martial arts. Among the — from stage productions. = 
i artial artists who became ~~... Recently,. ood musicals 

_ stars due to their skills are “have played to wide audier ces 4 
Bruce Lee and Jackie.Chan....... revival of the ge! 
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MUSIC i © 


Music is a tea art created by the sounds of 
singers and instruments and covers an incredible range 
of styles. It can be enjoyed live or through various media 
forms from television and radio to the internet. Music 
has always been written and performed, but it was not 
until the 20th century, when new technology to record 
and share music developed, that musicians could 
become global stars. 


Eo 


A disco ball hung over the 
dancefloor was a regular 
feature of discotheques 


Touring provides a major - 

income stream for today’s — 

global pop stars, such as. 
Justin Timberlake — 


24 aa 


N 


DISCO 


In the 1970s, pop music with a dance beat known 
as disco (from discotheque, a French word for nightclub) 
filled dance floors across the globe. Disco music topped 
the charts and created major stars, but it faded from 
popularity in the 1980s. 


A score (manuscript of 
musical notes) is used 
by classical musicians so 
they can keep track of 
which parts they play 


ye) CLASSICAL than ; { 
— Classical music is a general name for the v various —, 

~ types of music written to be performed in a concert a “f 
hall. It may be composed for the instruments of cae 


orchestra (either a full symphony or a small group of 
players), or written for a choir or opera company. Thee % 
music of composers like Bach and Beethoven i isstill 


Popular centuries after it was written. Ain i rhe 
: , ra Piao ee 
“A ea to BD “ 
F252 SBS Aes o 
MUSIC AND VISUALS 


From the late 1970s, bands made short music videos 
to accompany and promote their songs. The arrival of 
music video networks and the internet has created a 
huge boom in this area. The virtual band Gorillaz, which 
previously only existed as cartoon animations in music 
videos, turned the form on its head in 2005 when it 
performed live as a normal band. 


. 57 % = 
om the 1980s wards COs became 
r way. to store and sell rec 

1 200 pillion sole or 


records are used by DJs to 
create and mix live music 


A relatively modern 


instrument, the 
saxophone became 
key to the emerging 
jazz sound 


Turntables and vinyl 


Rapping.evolved 
when DJs used 
micro phones to 


‘The Killers have such as Beyoncé, 
sold over 10 million are among the 


copies of their world’s top-earning 
first two albums pop stars 


Jamaican music 
egend Bob Marle 

~ js the most famous 

reggae star 


Many country music 
stars have adopted 
the cowboy image 


ROCK 


In the 1940s and 50s, rock'n'roll music sprang up in the 
United States. It was played on electric guitars, bass guitars, 
and drums, and featured exciting vocals, catchy tunes, and 
a strong beat. This evolved into rock music, a group of 
many diverse styles that remains popular worldwide. 
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ORCHESTRA 


An orchestra is a large group of instrumental musicians 
playing together under the direction of a conductor. 
Orchestras usually include four sections: percussion, 
brass, woodwinds, and strings. Players of similar . 
instruments sit together, with the conductor GF > Cymbals 
keeping time up front. i “ 


mi 
/ \ Snare drum 


/ Triangle A 


® \ % ; Flute 


& » Clarinet 
<. %. 


%.. XQ Piccolo 


Bass \ 
_ Clarinet S 


When blown through its reed—a very 
thin piece of wood—the bass clarinet 
makes a rich, full sound 


Most orchestras 
have one or two harps 


y 


The conductor . 
has a complete 
orchestral score 
(written music) for 
all the instruments 


2 LOWBRASS 
Trombones, bass trombones, and tubas play 
the middle to lower brass notes in the orchestra. 
The trombone has a slide that moves up and down 


to change the note. The tuba plays the lowest notes, 5 TIMPANI 
which boom out from its bell-shaped end. 


3 BRASS A 


These percussion 
instruments are 
giant copper bowls 
with skinlike heads 


struck by wool- 
Blowing air through hollow brass topped sticks. They 
tubes produces sound in instruments are also called 
such as trumpets and French horns. The kettledrums. 


note is changed by pressing down valves. 
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a 


Trombone / 


Bass 
trombone 


The largest instrument 
in the string section, 
the double bass also 
plays the lowest notes 


wn 


This double-reed instrument 


ey | plays the lowest, richest notes 
Vx f in the woodwind section 
id ey 
r English ff 
horn y/ 
| 27 Contrabassoon 
=. 7 


Conductor's 


baton 8 STRINGS 


The strings often The conductor — 
Conductor's : a : 
fea ZB carry the melody ; 1a raise 

(tune), and there platformin front 
are more string of ther 5. The | 
instruments than ~ conductor’smain 
J any other type in tas are to lead the 
the orchestra. The ’ traandkeep 
section includes _ everyone in time 

violins, violas, by waving a baton 
cellos, double _ to the beat of ! 
: bass, and harps. ~ the music. 
Give. oc eee 
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SPORTS 


FOOTBALL 2) NETBALL 
rage Points are Based on 
of scored by players basketball, this 
__ Many sports developed from ancient times, canyingeraraanee sors spuree 
__ when running and throwing skills were essential a ainalbints Slaves dueaice 
~ to survival. Any activity governed by rules and the opposing and is most popular 
requiring physical ability is considered asport— _team’sarea. with women in 
and at the heart of many sports is a ball. Australasia. 
3 AUSSIE RULES 4 SOCCER 5 GAELIC 
FOOTBALL The world’s most FOOTBALL 


With its roots in 
an ancient Irish 


popular sport involves 
two teams of 11 players 


Players pass the oval- 
shaped ball to teammates 


by kicking or throwing it. 
To score, they must kick the 
ball between four posts at 


trying to score goals 
in the opposing team’s 
net. Each game lasts 


game called caid, 
players score by 
kicking or hitting 


each end of the field. 90 minutes. the ball through 
H-shaped goals. 
7  SHOTPUT 8 BASEBALL 


Players compete 
to throw a 16 |b 
(7 kg) metal shot 
as far as possible. 


This sport is very 
similar to softball, 
but played with a 
smaller, harder ball. 


The ball used in netball 
is smaller than the one 
used to play basketball 


MO : ® 


sy) 
Ln 


11 RUGBY 


Players attempt to gain we? i 11) 
points by landing the oval balls have z 
ball beyond the other 32 stitched 


team’s goal line or kicking it panels 


over a high H-shaped goal. 


13 TABLE TENNIS 
This sport began 


12 SOFTBALL 


In this team sport, 


14 ENPIN. 
BOWLING 


players use a bat to in Victorian England, Players hurl a heavy 
whack a ball as far when dinner guests ball down a wooden 
as possible to give turned theirtableinto _ neteknock Gown 
them time to run a mini tennis court. — 10 pins. 


around four bases. Champagne corks 


First played on 
California’s sandy 
beaches in the 1920s, 
this sport can now 
be played on artificial 
sand courts. 


20 TENNIS 


Played on grass 
or clay courts, two 
players (singles) or 
four players (doubles) 
use rackets to hit 
a felt-covered ball 
over a net. 


22 BOWLS 


A beach On well-maintained 


volleyball is lawns, players try to 
softer and larger 


than a regular roll balls closer to a 
volleyball small target ball than 
Rugby balls are their opponents 


oval shaped to make them 
easier to hold against the © @ 


upper body while running 


23) 


@ 


a 


1715 BASKETBALL 


The game was first 
played using peach 
baskets on poles 
for hoops. If ateam 
scored, the referee 
aan climbed a ladder 


were used as balls. | __toget the ball. 
7 
LF Tater tog i oes ay 
17) BEACH 18 CROQUET 
VOLLEYBALL French peasants in 


the 14th century used 
wooden mallets to 
whack a wooden ball 
through hoops crafted 
from bent branches, 
inventing the game 

of croquet. 


2y 
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QUICK QUIZ 


What can you remember about Art and Culture? 
Jot down your answers, then check them on pp.296—-97. 


1) Sepia made early printed =) This building, called 


photos more durable. Kunsthaus Graz, is an art 
What is sepia? museum in Austria. What 
@ A photography technique have the locals nicknamed it? 
© An extract from fig leaves @ The friendly fish 
@ A type of coated photo paper © The blue monster 
© A brown pigment from @ The friendly alien 
cuttlefish @ The spiny alligator 
3) In 1938, a US radio dramatization of which *® Match the mythical 
book convinced many listeners that Martians beasts to their names: 
were invading the Earth? ° @ Unicorn 
® Mars Attacks © The Martian Chronicles Ser 
© The War of the Worlds © Invaders from Mars 
2] © Minotaur 
5) In which game 
do players take 
turns smashing 
this rubber @ Makara 
ball against 
the walls with 
a racket? 


© Centaur 


‘6 This is a woodcut print of an actor 
named Otani Oniji made by Toshusai 
Sharaku in 1794. Which country is 
the artist from? 
® China 
© Japan 
@ Philippines 
© Honolulu 


8) Reggae music originated 
in Jamaica in the 1960s. 
Which religion is this style 
of music associated with? 


py Match these famous buildings to their names: 


9) Which language is rarely 

ws spoken today, but its 
@ Colosseum @EI Palau @ Hedda! © Djenne alphabet is the most widely 
de les Arts Stavkirke Mosque used across the globe? 


10) In an orchestra, why does the 11) The centre of the 12) 1am the 
conductor wave a baton to Indian movie smallest 
the beat of the music? industry is called member 

© To keep the musicians entertained Bollywood. How , 
during a lengthy performance many films are of the string 

© To keep himself busy while made in Bollywood section in an 
the musicians are playing in a year? 

@ To inform the audience about @ Atleast 1 orchestra. 
the notes being played © Atleast 10 What am |? 

© To lead the orchestra and keep @ More than 1,000 


everyone in time @ About 10,000 


13) What is this 
man doing? 
@ Reaching up to 
turn on the lights 
© Disco dancing 
@ Asking a question 
© Playing statues 


14 The goal of the artistic movement called Impressionism 
was to capture changing light and movement. 
Which French artist founded Impressionism? 


15) Which sport began in Victorian England, 
when dinner guests turned their table 
into a mini playing court? 


16 This writing is in an ancient language 12 |amasymbol 
that has used the same alphabet since the of death in 
9th century sce. What is it called? some cultures 


and of wisdom 
in others. What 
animal am |? 


XOY CYA Y 


LAQICTTICTEYETA, 


FAST FACTS 


The first apartment buildings were 
built in Rome in the 1* century BcE. 


In the Mayan ballgame court at The mo st expensi ve 


Chichen Itza, the acoustics are so film ever made was the 
good that a whisper at one end 


ar of the court can be heard at the 1968 Russian epic War 

si sroldreckotlabiclain Ethiopia otherends00‘t(150mjanzy. and Peace, which cost the 
in the 12" century ce. They took The marble and precious stones equivalent of $560 million 
24 years to complete. used to build the Taj Mahal to prod uce. 

in Agra, India, were carried Se 
TFS eraps! Se Playing theater screen is the IMAX 
was the 10-story-hig h In 2005, China cards date in Sydney, Australia. 
Home Insurance Building, had 39,425 movie ca Itis as high as an 
built in Chi in 1885 theater screens— from 12 -century eight-story building. 

a nyenan sny, Persia and India 
other country. "On average, 


In 1923, marathon dancing 


when a pack it takes eight 
competitions became popular in 


The first modern novel contained 48 weeks to shoot 


the US after Alma Cummings danced was called The Tale cards. a Hollywood 
for 27 hours without stopping. of Genji, ren faatiiresfilry Editing 
1,000 years ago by and adding special effects 

After a performance Japanese author Murasaki Shikibu. takes many months more. 
of the opera Otello By the age of 65, the average French author Marcel Proust's novel 
: : cele American has spent nine years In Search of Lost Time contains 
in Vienna, Austria, in watching television. just under 1.5 million words. 
1991, starring Spanish The film Gandhi had 294,560 extras. 
tenor Placido The Harry Potter novels by The epic ancient Indian 

e J. K. Rowling have been poem The Mahabharata is 
Domingo, the translated into 72 languages. four times longer than the Bible. 
audience applauded 


The deputy electrician on 
a film set is called the “best 
boy,’ even when she’s a girl. 


The biggest library in the The most prolific novelist in history was 
world is the Library of Congress South African writer Mary Faulkner, 


in Washington, D.C., which has who wrote 904 books 
more than 30 million books. : 


the AStEFIX books, by The Codex Leicester, 
French duo René Goscinny one of Leonardo da 


and Albert Uderzo, have sold Vinci's notebooks 
320 million copies worldwide. : 


for 1 hour 20 minutes. 


Irish-born James Devine is the world’s 
fastest tap dancer. He made 38 taps 
per second in a performance in 
Sydney, Australia, in 1998. 


Ancient Greek 
theaters were open- 
air. The biggest could 
hold 10,000 spectators. 


Agatha Christie's whodunit play The Was bou g ht by U S 
Mousetrap has been playing in London's English playwright William illi 1 7 
West End since 1952. There have been Shakespeare (1564=1616) is credited bi | | Opal Bill Gates 


The “Whirling Dervishes” of the Sufi order of Islam perform their spinning dance as an aid to religious meditation 


more than 25,000 performances so far. 


with inventing 1,700 new words. in ] 994 for $29 million. 


FAST FACTS 


In May 1990, Dutch artist Vincent van Gogh’s painting Portrait of Dr. Gachet 
sold for $82.5 million. In his lifetime, he was unable to make a living from his art. 


Italian artist Michelangelo spent 
five years, between 1536 and 1541, 
painting Biblical scenes on the walls 
of the Sistine Chapel in Rome. 


In 1872, Austrian composer Johann 
Strauss conducted an orchestra of 
987 musicians and a choir of 19,000 
singers in Boston. 


The first permanent photograph was 


The slowest musical tempo is called 
larghissimo, /talian for as slow as 
possible. The fastest is prestissimo, 
meaning as fast as possible. 


An The drawings of animals 
H i-7D on cave walls in 
taken by French inventor Nicéphore astimated ae NS 
Niepce in 1826. It needed eight 1.5 billion people *”°°***""°'* 
hours of exposure time. watched the 1985 — A giantreclining 
F Buddha in China is 
The first museum to open its doors to the In December 2006, the charity concert i world’s larqest 
public was the Uffizi Gallery in Florence, Netherlands became the first Live Aid on 9 
Italy, in 1591. country to switch off its analog a statue. Carved from 
TV signal, forcing everyone television. stone, it is 1,365 ft 
In the 1930s, German company Bliitner — © use digital receivers. (416 m) long. It-was 
made a baby grand piano out of finished in 2004 
aluminum and pigskin, so that it The lowest voice in opera singing is called 
would be light enough to be carried in a basso profundo, Italian for “deep bass.” 
an airship. |t weighed 397 Ib (180 kg). . The fastest ball game 
The term foractor,thespian, : 
The best-selling album of all time comes from the first actor in the world is pelota, 
is Thriller by US pop star Michael : : ; 
Jackson, with estimated sales in known to history, Thespis played in the Basque 


excess of 59 million. from ancient Greece. 


The first compact disc went on sale in 1982. 


The practice of awarding caps for 
international sports appearances started in 
England in 1886. Soccer players in their first 
international event were presented with a 
white silk cap with a red rose on the front. 


La Scala opera house in 
Milan, Italy, has 3,600 seats. 


It is now possible to watch more than 
2,000 different TV channels from around 
the world online. 


The highest paid sportsman 


Seattle-based artist No Clue of the 21* century is 


is officially the fastest rapper 4 
in the world. On January 15, ° Walt Tiger Woods, 
2005, he rapped 723 Disney Was with earnings 
separate syllables nominated for of around 
(parts of words) in 29 
41.27 seconds. 64 Oscars and $100 million 
per year. 
On December 31, won 26, more 
iti ; The marathon is 

Sonesrad ee pee S. acacia 

g history. distance of 26.218 
played a concert on miles (42.195 km). This 
Copacabana Beach, is the distance Greek soldier 
Rio de Janeiro, Brazil, to 2 Amon ran without stopping 

; rom the town of Marathon to Athens 

an estimated 3,500,000 in 490 ce to announce victory in 


New Year's Eve revelers. battle over the Persians. 


region of northern Spain 
and southern France. The 
ball can move at up to 


785 mph (300 km/h). 


Track and field was the first sport to hold 
organized competitions. The first such 
event probably took place in ancient 
Greece 5,000 years ago. 


Over its 2 0 separate 


stages, 15 million people 
come out to watch the 
Tour de France bicycle 
race pass by. 


The English language has about 
500,000 words, compared to 
185,000 in German and 
100,000 in French. 


QUIZ ANSWERS 


QUIZ ANSWERS 


1.D 5,000 years 2. The age of the tree 3. Water 

4.C Holly 5. 1B lguana 2D Salamander 3C Octopus 4A Tiger 

6. A Petal B Filament C Ovary D Anther 7. D Once or twice a year 
8. Scavengers 9. A Norwegian wasp 10. B To deter predators 

11. Ostrich 12. A The queen 13.C Toucan 14. Six 15. C So it 

can turn its back to look fierce when attacked 16. D Squid 

17.A Pig 18.1C Hamster 2A Armadillo 3B Badger 

19. CWoodlouse 20. D Food 


1. B Fight disease-causing germs 2.1n the bone matrix 3.A Phalanges B Tarsals 
4.C 20 per cent 5.B Twelve 6. B They are carried in blood through the 
umbilical cord 7.Windpipe 8.C Muscles 9.1C Skin 2A Hair 3B Fingernail 
10. 1D Stethoscope 2C Laryngeal mirror 3A Otoscope 4B Opthalmoscope 
11. Nerve cells 12. C Sixteen 13. A Stomach B Large intestine C Small 
intestines 14.D Tongue 15..C Our genes 16. Dark blue, Broca’s area 

17. A Two 18. Blood cells 


~ 1.BWhite 2.A It is acidic 3. Kevlar 4. A Alkali neutralizes the acid injected by the bee 5. Ozone 
6. Phenols in apple oxidize when exposed to air and turn brown 7. D Microwaves 8. B Pale blue 
9. A You are bringing like poles together 10. Copernicus 11. D It is lighter than air, so the balloon 
. floats upwards 12. B Passengers 13. 1C Methane 2D Water 3B Ammonia 4A Sulphur 
y, 14. B By using an X-ray telescope to detect the X-rays the black hole emits 15.C 3 km 
(2 miles) 16. It emits radiation 17. A Red 18.10 kg (22 lb) 19. An apple falling from a tree 


1. Ganymede 2. Andromeda galaxy 3. A Inside vast clouds of hydrogen gas 
4.C Dennis Tito 5.The Sun 6. C There is methane gas in its atmosphere 
7.Gemini 8.B Titan 9.A Laika 10. B Sirius 11. C A meteor 

12. 1B Callisto 2C Europa 3D lo 4ATitan 13.BA huge explosion in the 
universe that occurred about 13.7 billion years ago 14. 1B Esquel 2A Thiel 
15. A Nepturfe 16.C Mars 17. A Valentina Tereshkova 18. C It uses 
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1. A Cloud piercer 2. B The first fossil specimen of this dinosaur 
was found on a nest of dinosaur eggs 3.B Graphite 4.C Oceans 
becoming warmer 5. A Archaeopteryx 6.B The Red Sea 
7. Flash flood 8. 1D Silver. 2C Platinum 3A Copper 4B Gold 
9. D Tectonic plates sliding past each other 10. Mont Blanc 
11.1C Eurasian 2B Australian 3D African 4A Pacific 12. B 9.5 
13. C Homo habilis 14. Topaz 15.B Pulses 16. C By wind picking 
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1.B A Vietnamese beef noodle soup 2. A They gather here to offer their prayers 
3. 1D Jimmy Carter 2A George W. Bush 3B Ronald Reagan 4C John F. Kennedy 
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a bishop in the Roman Catholic Church 7. Paella 8. The Three Sisters 9. C Maori 
10. B On board the cruise ships they travel in, because there are no resorts 


11. Vatican City 12. 1A Germany 2C Kenya 3D Jamaica 4B Spain 13. C Day of the Dead 
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1.D A brown pigment from cuttlefish 2. C The friendly alien 3.B The War 
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5.Squash 6.B Japan 7. 1B El Palau de les Arts 2D Djenne Mosque 
3C Heddal Stavkirke 4A Colosseum 8. Rastafari 9. Latin 
10. D To lead the orchestra and keep everyone in time 11. C More 
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